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I. INTRODUCTION 

The b a s i c  o b j e c t i v e  of t h i s  volume is b e s t  described by the  

SSD (Systems Studies  Divis ion)  s ta tement  of work f o r  t h i s  study 

which s t a t e d ,  "To perform a pre l iminary  design of a Venus radar- 

mapping o r b i t e r  lcission and s p a c e c r a f t  t o  i d e n t i f y  and eva lua te  

the  important technological  problems of producing such a space- 

c r a f t  and ob ta in ing  and r e t r i e v i n g  t h e  necessary  mapping data." 

I n  o rde r  t o  meet t h i s  o b j e c t i v e  the  e a r l y  p a r t  of the  s tudy,  

approximately t h e  f i r s t  h a l f  of t h e  study e f f o r t ,  was devoted t o  

t h e  parametr ic  a n a l y s i s  of each of t h e  ind iv idua l  subsystems i n  

o rde r  t o  evolve l i m i t i n g  f i ter ia ,  develop boundary cases and t o  

d e f i n e  l i m i t i n g  designs.  The b a s i c  philosophy t h a t  permeated 

throughout the parametr ic  a n a l y s i s  was t o  employ l i gh twe igh t ,  

minimum c o s t ,  low r i s k  technology, off-the-shelf  s!Tlstems whenever 

possible .  

I n  o rde r  t o  avoid any d u p l i c a t i o n  of e f f o r t  our  i n i t i a l  

approach was t o  draw ex tens ive ly  upon earlier Vents o r b i t a l  

r ada r  mapping s tud ie s .  S p e c i f i c a l l y ,  two earlier s t u d i e s ,  one 

€,:formed by SSD, e n t i t l e d  "A Preliminary Analysis of a Radar 

Me.pping Mission t o  Venus" an3 one conducted by JPL, e n t i t l e d  

"Planetary Imaging Rada;. Study," were instrumental  i n  providing 

productive areas of i n v e s t i g a t i o n .  

The parametric a n a l y s i s  produced s e v e r a l  subsystem implemen- 

t a t i o n  a l t e r n a t i v e s ,  each of which s a t i s f i e d  t h e  b a s i c  mission 

opt ions.  

determine which were t h e  b e s t  s e l e c t i o n s  it was  necessary  t o  

i n t e g r a t e  them i n t o  an o v e r a l l  spacec ra f t  con f igu ra t ion  t o  iden- 

t i f y  poss ib l e  i n t e g r a t i o n  problems. The r e s u l t i n g  s p a c e c r a f t  

concepts then f e l l  i n t o  two general  classes of op t ions ,  viz., 
shared and dedicated antenna op t ions ,  which were c a r r i e d  over i n t o  

t h e  second half  of t h e  s tudy i n  which these  op t ions  were evaluated 

i n  more d e t a i l ,  Results of these s t u d i e s  are reported i n  Volume 11. 

I n  o rde r  t o  eva lua te  how these  choices compared and t o  
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It became apparent  e a r l y  i n  the  parametric s t u d i e s  t h a t  a 

Venus o r b i t a l  r ada r  mapper mission was mwh more i n t e r a c t i v e ,  

mission/system-wise, than most o the r  unmanned p lane ta ry  n i s s i o n s  . 
Accordingly, i n  conducting the  mission des ign  parametric s t u d i e s  

i t  w a s  necessary t o  place a d d i t i o n a l  emphasis on the  mission 

parameters which had s i g n i f i c a n t  impact on the  general  system 

design s t u d i e s .  I n  t h i s  study, the  necessary look a t  launch 

energy and hyperbolic excess v e l o c i t y  a t  Venus a r r i v a l  was taken 

i n  ord r t o  e s t a b l i s h  the  oppor tun i t i e s  favorable  f o r  a Venus 

o r b i t e r  mission during the  1980s. 

necessary i n  o rde r  t o  de f ine  launch veh ic l e  requirements and t o  

eva lua te  primary o r b i t e r  propulsion system requirements.  

t i o n ,  examination of the  o r i e n t a t i o n s  of s p a c e c r a f t ,  Sun, and t h e  

planet  during c r u c i a l  t r a j e c t o r y  phases was e s s e n t i a l  f o r  the d e f i -  

n i t i o n  of the  dependence o r  independence on mission year and t ra-  

j e c t o r y  type of such parameters a s  communications range, s o l a r  

angles ,  o c c u l t a t i o n  times, and o r b i t  o r i e n t a t i o n  p o s s i b i l i t i e s .  

F i n a l l y ,  the  elements of t he  r ada r  mapping design o r b i t  c o r r e s -  

ponding t o  s i z e  ( e c c e n t r i c i t y  and per iapsi .  a l t i t u d e )  and o r i e n t a -  

t i o n  ( i n c l i n a t i o n  and p e r i a p s i s  l oca t ion )  a r e  perhaps the  most 

c r i t i c a l  system design parameters. For t h i s  reason then, o r b i t a l  

e c c e n t r i c i t y  was c a r r i e d  a s  a v a r i a b l e  throughout the systems 

s t u d i e s .  Resu l t s  of the  systems parametric a n a l y s i s  i nd ica t ed  

t h a t  o r b i t  size and o r i e n t a t i o n  i n t e r r e l a t e d  wi th  almost a l l  of 

the  p r i n c i p a l  spacec ra f t  systems and influenced s i g n i f i c a n t l y  

the  d e f i n i t i o n  0: o r b i t  i n s e r t i o n  propulsion requirements,  weight 

i n  o r b i t  c a p a b i l i t y ,  a p s i d a l  s h i f t  penal ty ,  approach navigat ion 

accuracy and o r b i t  determination, r ada r  system design and mapping 

s t r a t e g y ,  o c c u l t a t i o n s ,  teleconnnunications schedules and power 

requirements and thermal design. 

From a systems a spec t  t h i s  was 

I n  a d d i -  
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A description of the mission and system (down to  the subsystem 

leve l s )  parametric studies that were conducted together w i t h  a 

sunrmary of study resu l t s  and concerns are presentcd i n  subsequent 

sections of t h i s  volume. 



11. Science Rationale 



I T .  SCIENCE RATIONALE -- 

I NT RODU CT I ON 

The exp lo ra t ion  of Venus i s  t h e  next l o g i c a l  s t ep  i n  man's 

e x p l o r a t i o n  of space.  The Moor Mars have received p r i o r i t v  

because of t h e i r  nearness and ihood of s u p Q - r t i n g  l i f e  

r e s p e c t i v e l y .  A primary i n t e r e l  , exp lo r ing  Vel us is  geolngic .  

Venus has many p l a n e t a r y  c h a r a c t e r i s t i c s  which are similar t o  

Earth y e t  su r f ace  morphology is hidden f r o n  t e l e s c o p i c  obse rva t ion ,  

Venus has  an est imated dens i ty  which n e a r l y  equa l s  Earth 's ,  is very 

similar i n  s i z e ,  and is E a r t h ' s  c l o s e s t  p l ane ta ry  neighbor. Knowl- 

edge of Venusian geology w i l l  a i d  i n  understanding t h e  o r i g i n  and 

eva lua t ion  of the  s o l s r  system and Ea r th  i t s e l f .  

The exploratory mission under cons ide ra t ion  i s  planned f o r  the  

mid t o  l a t e  1980s time y r i o d .  It is expected t h a t  b a s i c  ques t ions  

about the ataosphere,  dynarriic f i g u r e  of r e fe rence ,  p l ane ta ry  dimen- 

s i o n s  and shape, mass d i s t r i b u t i o n ,  s p h e r i c a l  harmonics and m g n e t i c  

f i e l d  w i l l  be answered p r i o r  t o  the  mappc: mission by p rec i se  o r b i t  

t r ack ing ,  f ly-bys (Pioneer Venus and Venera) and a n a l y s i s  of Earth- 

based observat ions.  Therefore,  op t iona l  s enso r s  o r  techniques 

which ga the r  a d d i t i o n a l  data on these  f e a t u r e s  a r e  suggested by 

MMC as secondary cons ide ra t ions  and a r e  not a part of the  s tudy 

c o n t r a c t .  

Selieral s c i e n t i f i c  a s p e c t s  of a Venus o r b i t a l  mapper mission 

have been considered i n  good d e t a i l  by the  J e t  Propulsion Laboratory 

i n  the  pub l i ca t ion  "Planetary Imaging Radar Study" (Ref. 11-I). 

Therefore ,  t hese  a s p e c t s  are discussed only b r i e f l y  i: t h i s  r e p o r t .  

Primarv deologic  information w i l l  be obtained from p lane t  

su r f ace  morphology. 

d i s t s i b u t i o n  and r e l a t i v e  height  of su r f ace  f e a t u r e s ,  w i l l  provide 

the  geo log i s t  w i th  information on the he t e rogece i ty  of the c r u s t ,  

Topographic d a t a ,  which desc r ibes  the  shape, 
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geologic s t r u c t u r e ,  s t r a t i g r a p h y ,  general  rock type and construc-  

t i o n a l / d e s t r u c t i o n a l  eurfac p r w e s s e s .  Heterogeneity of t h e  c r u s t  

would be suggested by v a r i e g a r - j  Lerrain and v a r i a t i o n s  i n  topog- 

raphy r ? s u l t i n g  from the  i n t e r p l a y  between var ious d i f f e r e n t  l i t h o l -  

og ie s  and e ros iona l  processes .  The establ ishment  of t he  c h a r a c t e r  

of the  c r u s t  is important t o  understanding the  o r i g i n  of Vencs and 

poss ib ly  r e l a t i n g  the  c r u s t  of Venus wi th  EarLh's segregated con- 

t i n e n t a l  and oceanic c r u s t a l  materia1.c. S t r u c t u r a l  information, 

such as f a u l t s  and f o l d s ,  w i l l  suggest  the  degree of Venus .L 

c r u s t a l  mobil i ty  and allow the  s tudy of s t r e s s  f i e l d s  and p l s t e  

t e c t o n i c s .  S t r a t ig raphy  is  most b a s i c  t o  understanding geologic 

h i s t o r y  and i t  may be poss ib l e  t o  a s s i g n  crude age r e l a t i o n s h i p s  

t o  Ventsian rock u n i t s  based on t h e i r  r e l a t i v e  pos i t i on .  General 

rock type i d e n t i f i c a t i o n  o r  d i sc r imina t ion  r a y  be poss ib l e  by 

i n t e r p r e t a t i o n  of erosion patterns,  su r f ace  t e x t u r e ,  and i d e n t l f i -  

c a t i o n  of a s soc ia t ed  f e a t u r e s  such as i a l d e r a s .  The i n t e r p l a y  

be tween cons t ruc t i onal (mount a i n  bu i Id ing) and d e s t r u c t  iona l  

(weathering and erosion)  processes  w i l l  r evea l  much about the  geo- 

log ic  environmert and h i s t o r y  of Venus. 

Secondary geologic information can t obtained from su r face  

roughness: radiometLic, p o l a r i z a t i o n ,  and d i e l e c t r i c  d a t a .  It is 

important t o  note t h a t  these  secondary s u r t a c e  da t a  a r e  f a r  l e s s  

important s c i e n t i f i c a l l y  than topographic d a t a .  

Remote sensing techniques t n a t  use the  v i s i b l e  and near i n i r a -  

red wavelongtha of e lectromagnet ic  r a d i a t i o n  (0.4 - 1.1). have 

proved optimal f o r  o b t a k i n g  su r face  topographic d a t a .  Cameras, 

scanners,  and video instruments have been used with g r e a t  success 

t o  s tudy Earth,  the  Moon, and Mars. The t h i c k  Venusian ~ t m o s ~ h e r e  

precludes the  use of these systems. Side looking r a d a r  is the  next 

b e s t  remote sensing system f o r  ob ta in ing  topographic d a t a  and, i f  

Lhe proper frequency is  s e l e c t e d ,  w i l l  be capnble of pene t r a t ing  
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t he  Venusian atmosphere. The use of a synthe;ic aper ture  system 

t o  minimize power and antenna requirements makes s i d e  looking 

r ada r  ideall :  s u i t e d  f o r  a n  o r b i t a l  Venus mapping mission. 

9CJECTIVES 

Tho t h r e e  o v e r a l l  objective: of t h e  Venus Radar Mapper Mission 

are n e c e s s a r i l y  i n t e r r e l a t e d .  

Determine the Geologic History and-Mode o f  Origin of Venus 

ThLs ob jec t ive  is d i r e c t l y  r e l a t e d  t o  the b a s i c  goal i n  explor-  

i ng  the  t e r r e s t i a l  p l a n e t s ,  of b e t t e r  understanding the  o r i g i n  and 

evo lu t ion  of Earth and t h e  s o l a r  system. 

accomplishing t h i s  o b j e c t i v e  i s  t o  i n t e r p r e t  topographic d a t a  and 

compile a comprehensive geologic  map. 

The primary means of 

Map the Major Topographic Features of Venus .and Relate These t o  a 
Coord i nate System 

This  map w i l l  be the  d a t a  base for compiling and r e l a t i n g  va r -  

ious  su r face  and atmospheric d a t a .  The geo log i s t  w i l l  use these  

b a s i c  d a t a  f o r  g loba l  s c a l e  s t u d i e s .  

Provide Detailed Geolagic and Terrain Analysis o f  Potential  

Landing  Sites 

Future mission planning f o r  the  exp lo ra t ion  of Venus n e c e s s a r i l y  

includes t h e  use of l ande r s .  A d e t a i l e d  geologic  a n a l y s i s  would 

increase the  chances of c o l l e c t i n g  r e l evan t  geologic  da t a  and would 

2nable geo log i s t s  t o  r e l a t e  those d a t a  c o l l e c t e d  i n  s i t u  by the  

lander  t o  d regional  geologic framework. The high r e s o l u t i o n  needed 

t o  .=-.nmplish t h i s  o b j e c t i v e  would allow the i d e n t i f i c a t i o n  and 

mders tanding  of small-scale  geologic  f e a t u r e s  which can then be 

r e l a t e d  t o  t: t i led coverage. De ta i l ed  t e r r a i n  a n a l y s i s  
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would help in su re  a s a f e  landing and can  a i d  i n  lander  design.  

Since t h e  r e s o l u t i o n  requirements f o r  t h i s  ob jec t ive  surpass  the  

base l ine  requirements of the  mission (approximately l o b ) ,  the  

d e t a i l e d  lander  s i t e  eva lua t ion  should be considered a secondary 

o b j e c t i v e .  

ASSUMPTIONS 

Several  assumptions have been made while f o r n u l a t i n g  the science 

o b j e c t i v e s  and d a t a  requirements. 

t i o n s  are given b e l m :  

These assumptions and c la r i f ica-  

There Will Es Topoqraphy t o  Image on Venus - 
Most of the  sc i ence  r e t u r n  value of the  mission depeuds on the  

ex i s t ence  of topography and the  man i fe s t a t ion  of geology by geomor- 

phology. Many r ada r  system v a r i a b l e s  such as  frequency, look angle ,  

and s t e r e o  overlap are s p e c i f i e d  based on t h i s  assumption. 

theory,  t he  high Venusian su r face  temperature (estimated t o  be about 

500OC) would decreasz the  r i g i d i t y  of the  c r u s t  and i t s  a b i l i t y  t o  

support  loads which are not isostatic. 

t h a t  are not i n  i s o s t a t i c  equi l ibr ium, suct: as volcanoes, would lit- 

e r a l l y  s i n k  over s h o r t  per iods of geologic time. HowPver, Earth-  

based r ada r  da t a  i n d i c a t e  t h a t  t he  t e r r a i n  is va r i ega ted .  

P e t t i n g i l l  (Ref. 11-2) of MIT s t a t e s  t h a t  t hese  d a t a  suggest  t he  

ex i s t ence  of mountain ranges with r e l i e f  on the  o rde r  of 2 km . 

I n  

P o s i t i v e  topographic f e a t u r e s  

G .  

The Surface o f  Venus i s  a t  Lea@ as Compl?x as  the Martian Surface 

This  assumption s t r o n g l y  inf luences che r e s o l u t i o n  requirements 

s i n c e  more complex t e r r a i n s  r equ i r e  higher r e s o l u t i o n  i n  o rde r  t o  

understand su r face  phenomena. 

seems t o  c o r r e l a t e  w i th  the  s i z e  and mass of the  globe and t h e  amount 

of atmosphere present .  The moon, f o r  i n s t ance ,  w i th  no atmosphere 

The complexity o f  a p l a n e t ' s  t e r r a i n  

and small s i z e  and mass is less complex than Mars which has a t h i n  
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atmosphere and a s i z e  and mass comparable t o  Earth and Venus. 

Dependinc: somewhat on the  dynamics of the Venusian lower atmosphere, 

and a l s o  on the  effec:  of decreased c r u s t a l  r i g i d i t y ,  t he  Venusian 

su r face  is probably q u i t e  complex r equ i r ing  r e s o l u t i o n  on the  order  

of 100 meters. 

The Venusian Atmosphere Is Reasonably Transparent t o  Longer 
Wavelength Radar 

The d a t a  published by Muhleman (Ref. 11-3) which a r e  based on 

Earth-based r a d a r  d a t a ,  have been r e l i e d  upon t o  help s e l e c t  radar  

system frequency as  i t  relates t o  atmospheric pene t r a t ion .  Muhleman's 

d a t a  i n d i c a t e  t h a t  r a d a r  wavelengths sma l l e r  than about 5 cm a r e  

l a r g e l y  a t t enua ted  whereas wavelengths g r e a t e r  than about 25 cm pene- 

t r a t e  the  atmosphere wi th  r e l a t i v e l y  l i t t l e  l o s s .  

There Is No Geologic Reason . t o  Favor Any Part icular  Hemisphere, 

Latitude, or  Longitude i n  Terms o f  Resolution or Coverage 

It is important t o  cover a t  least one e n t i r e  hemisphere ( includ-  

ing  the  pole) since v a r i a t i o n s  i n  geclogic  processes  may e x i s t  a t  

d i f f e r e n t  l a t i t u d e s  j u s t  as they d o  cn  Ea r th  and Mars. E a r t h - b a s d  

r ada r  da t a  show e s s e n t i a l l y  equal amounts of va r i ega ted ,  high, and 

low s i g n a l  r e t u r n  areas f o r  both northern and southern hemispheres. 

Earth-based Radar Data Wtll N o t  Be An Adequate Basis for In terpret ing 

-ry o f  Venus 

The b e s t  r e s o l u t i o n  ob ta inab le  with c u r r e n t l y  planned fo r  equip- 

ment is on the  order  of  1 lan w i t h  very poor ( 50 km) r e s o l u t i o n  of 

t he  p o l a r  regions.  Resolut ion on the o rde r  of  0.1 k m w i l l  OC' neces- 

s a r y  f o r  a comprehensive geologic a n a l y s i s .  
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DATA REQUIREMENTS 

To insure  t h a t  t he  mission sc ience  ob jec t ives  a r e  dccomplished, 

each radar  system va r i ab le  has been crwsidered i n  tern- :if sc ience  

r e t u r n  impact. 

and how i t  a f f e c t s  t h e  science r e tu rn .  

Following is a d i scuss ion  of each syi tem va r i ab le  

Resol u t i  on 

The range of r e so lu t ions  under cons id r ra t ion  is l imi ted  by 

fu tu re  Earth-based radar  c a p a b i l i t y  (abouL 1 km) on :he coarse  , nd  

and by poss ib l e  atmospheric turbulence on th*- f i n e  end. inspec t ion  

of Mariner 9 imagery (A-frame = la00 m, B-frame 100 h), ERTS 

(Earth Resource Technology S a t e l l i t e )  imagery (60-150 m) , a e r i a l  

photographs (0.5 m - 2 m), and s ide- looking r ada r  (20 - 100 m) i nd i -  

c a t e s  that most regional  geologic  s t u d i e s  can be conducted wi th  

r e so lu t ion  on the  order  of 100 meters .  

g i c  maps a t  a scale of about 1/1,000,000 can be constructed usillg 

100 meter r e so lu t ion  imager). 

a t i n g  analogue t o  the  proposed Venus 2adar Mapper. This  sa te l l i te  

o r b i t s  Earth i n  a near po la r  o r b i t  a t  922 km d i s t ance .  The mul t i -  

s p e c t r a l  scanner telemeters ( e i t h e r  real time o r  frcm tape s torage)  

imagery wi th  r e so lu t ion  t h a t  averages about i30 meters. An example 

of t h i s  imagery is shown i n  Figure 11-1. ERTS imagery has proven 

valuable  i n  topographic mapping ( fore ign  coun t r i e s ) ,  geologic  s t r u c -  

t u r a l  s t u d i e s ,  and gross  l i t h o l o g i c  d i sc r imina t ion  and i d e n t i f i c a t i o n .  

Both the  s c a l e  of the  ERTS da ta  format (1:1,000,000) and the  100 

meter r e so lu t ion  a r e  i d e a l  f o r  t h e  g loba l  scale Ear th  resources  s u r -  

vey. The base l ine  r e s o l u t i o n  cif t he  Venus radar mapper shou'd be on 

the  order  of 100 meters f o r  maximum science r e t u r n  and reasonable  

da ta  r a t e s  and da ta  s torage  volume. 

Good topographic and geolo- 

T5e ERTS system is an  exce l l en t  oper- 

Finer  r e s o l u t i o n  is des i r ab le  t o  i d e n t i f )  and understand small  

s ca l e  geologic phenomena and t o  a i d  i n  lander  site s e l e c t i i m ,  A 
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very small percentage of coverage (on the  o rde r  of  2%) is a l l  t h a t  

is needed i f  the areas of coverage a r e  c a r e f u l l y  s e l e c t e d  by geol- 

o g i s t s  based on f u t u r e  Earth-based radar  da t a .  

coverage could be obtained i n  an extended mission b; examining 

previously obtained 100 meter r e s o l u t i o n  da ta .  I n  the  case  of a 

mission which las ts  only the  243 days needed f o r  Venus t o  r o t a t e  

beneath t h e  s p a c e c r a f t ,  i t  can be expected t h a t  some 100 meter cov- 

erage would have t o  be s a c r i f i c e d  i n  o rde r  t o  handle t h e  a d d i t i o n a l  

d a t a  loads involved i n  g e t t i n g  higher  r e s o l u t i o n .  

Highly s e l e c t i v e  

Stereo Coveracre 

S t e r e o  c o  ,rage is constdered t o  be of primary importance t o  

accomplishing t h e  mission ob jec t ives .  

raphy has  c l e a r l y  demonstrated t h e  vast i n c r e a s e  in t h e  amount of 

a v a i l a b l e  information and increased geologic  i n t e r p r e t a b i l i t y  of 

stereo viewing, as opposed t o  monocular viewing. The s t e r e o  model 

provib.-s p r e c i s i o n  q u a n t i t a t i v e  informaLion on r e l a t i v e  h e i g h t s  and 

su r face  s ' o p e s  which w i l l  r e s u l t  i n  a much more accu ra t e  topographic 

map. F i f t y  percent  s ide - l ap  w i l l  provide 100% s t e r e o  coverage. It 

is judged t h a t  high sc i ence  r e t u r n  can be obtained w i t h  as l i t t l e  

as 15-20% s ide - l ap  which would provide good topographic c o n t r o l  f o r  

ad jo in ing  non-stereo coverage areas. Methods of us ing  conjugate  

(side-lap) SUR imagery t o  create a s t e r e o  model a r e  s t i l l  being 

developed and workable techniques are c u r r e n t l y  i n  use. 

Experience with a e r i a l  photog- 

A d i scuss ion  wi th  J .  J. Fenster  of Westinghouse Ea r th  Resource 

Mapping Department i n d i c a t e s  t h a t  stereo coverage is  r o u t i n e l y  

obtained for minerals  exp lo ra t ion  and land survey project:,  A few 

methods are being used which use e i t h e r  "opposite s ide"  or "same 

side" views of the  t a r g e t  t e r r a i n  (Figure 11-2) .  Extreme s t e r e o  

p a r a l l a x  can be obtained by viewing the  t a r g e t  t e r r a i n  from opposi te  
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Target 
Point  

Target 
Point  

Figure 11-2 I l l u s t r a t i o n  o f  Opposite Side 
and Same Side Viewing Gemetry 
f o r  Obtaining Stereo Coverage 
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s i d e s  which is advantageous when a computer is used t o  c o n s t r u c t  

a stereo model. 

viewing by the  human i n t e r p r e t e r  because of t he  r e s u l t i n g  eye s t r a i n .  

Also, opposi te  s i d e  viewing is undesirable  l o g i s t i c a l l y  f o r  a n  o r b i -  

t a l  mission because a d d i t i o n a l  s p a c e c r a f t  a t t i t u d e  changes would be 

required over t he  "same s ide" case. 

same s i d e  geometry is  being considered as a means of ob ta in ing  

s t e r e o  coverage. 

The "opposite s ide" yeometry is u n s a t i s f a c t o r y  f o r  

For t h e s e  reasons,  only the  

One techrique f o r  obtaining s t e r e o  models from t h e  same s i d e  

geometry is the  "AS-IIA Radar Program" developed by t h e  Army a t  

For t  Belvoir (Ref. 11-4). 

s t e r e o - p l o t t e r  has been programed t o  e l e c t r o n i c a l l y  r e c t i f y  t h e  

SUR imagery i n t o  a corrcsponding aerial  photo- l ike geometry f o r  

conjugate r ada r  image p resen ta t ion  t o  t h e  i n t e r p r e t e r .  

t i o n  i n  geometry is so complete as t o  compensate €or  p l ane t  curva- 

t u r e  i n  t h e  range d i r e c t i o n .  A required da ta  input  for t h i s  tech-  

nique is a i r  s t a t i o n  he igh t  so a radar  altimeter would be r equ i r ed  

i n  o r b i t a l  operat ion.  Cor re l a t ion  between topographic maps compiled 

w i t h  s t e r e o  photography and s t e r e o  r ada r  u s ing  the  AS-IIA program is 

e x c e l l e n t  except i n  areas of radar  shadow. 

The computer ope ra t ing  wi th  the  AS-IIA 

The co r rec -  

Frequency 

S e l e c t i o n  of r ada r  system frequency must take  i n t o  account t he  

wavelength dependent t ransmission c h a r a c t e r i s t i c s  of the  Venusian 

atmosphere and the p r o b a b i l i t y  SE topographic information l o s s  a t  

longer wavelengths. Inspect ion of 25-cm SUR imagery suggests  r e l a -  

t i v e l y  high surface roughness information content  but r e l a t i v e l y  low 

topographic information con ten t ,  compared t o  t y p i c a l  3-cm S U R  imagery. 

Unfortunately,  t he re  are few examples of longer wavelength S U R  i m -  

age ry  t o  eva lua te  f o r  topographic information content  and f u r t h e r  

s tudy on t h i s  t o p i c  is needed. 



Figure 11-3 is reproduced from Radio Science,  February i970, 

" In te r f e romet r i c  i n v e s t i g a t i o n s  of t h e  Atmosphere of Venus ,I1 by 

Duane 0. Muhleman. This  f i g u r e  shows percent  r e f l e c t i v i t y  a s  a 

func t ion  of wavelength. I f  the  assumption i s  made t h a t  most of 

t he  f a l l - o f f  i n  r e f l e c t i v i t y  is due t o  atmospheric a t t e n t u a t i o n  

(i .e., t h a t  su r f ace  r e f l e c t i v i t y  is not  l a r g e l y  dependent on wave- 

length)  then t h i s  graph i s  very h e l p f u l  i n  s e l e c t i o n  of a n  appro- 

p r i a t e  r a d a r  frequency. 

The "best-f it-curve' '  i n d i c a t e s  t h a t  atmospheric t ransmiss  ion  

is only s l i g h t l y  wavelength-dependent a t  wavelengths longer  than 

aboct  40 c m  (15% r e f l e c t i v i t y ) .  

was 3.8 c m  which r e s u l t e d  i n  less than 1% r e f l e c t i v i t y .  The knee 

of t h e  curve,  where r e f l e c t i v i t y  i s  changing most r a p i d l y  wi th  

wavelength, is between 3.8 and 25 c m .  Based on t h e  d a t a  of Figure 

11-3 a 10 cm wavelength r ada r  system (3.0 GHz, S-band) is recom- 

mended. While t h i s  is not  t he  s h o r t e s t  poss ib l e  wavelength which 

might be acceptable  from an  a t t e n u a t i o n  s t andpo in t ,  it r ep resen t s  

a considerable  s a f e t y  margin i n  a s s u r i n g  a s t r o n g  s i g n a l  r e t u r n ,  

being only four  percentage p o i n t s  down from t h e  maximum observed 

r e f l e c t i v i t y  of 15%. 

The s h o r t e s t  wavelength t e s t e d  

Recti f i c a t  i on 

SLAR imagery has inhe ren t  geometr ical  d i s t o r t i o n s  which can be 

removed by proper processing of the  d a t a .  The most b a s i c  processing 

conve r t s  tho raw d a t a ,  known a s  s l a n t  range imagery, t o  ground range 

imagery t y  applying a hyperbolic c o r r e c t i o n  f a c t o r .  

r e c t i f i c a t i o n s ,  such as  the  AS-IIA program, can be app l i ed  f o r  more 

complete c o r r e c t i o n s .  A high o rde r  of r e c t i f i c a t i o n ,  i n  conjunct ion 

wi th  p r e c i s e  knowledge of s p a c e c r a f t  l o c a t i o n  as  a funct ion of time, 

is needed t o  a c c u r a t e l y  l o c a t e  topographic f e a t u r e s  with r e fe rence  

t o  a g loba l  coordinate  system. 

More complex 
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Coverage, Periapsis L a t i  tude and Eccentricity 

The science o b j e c t i v e s  are b e s t  r e a l i z e d  by p l ane t  coverage of 

80% o r  b e t t e r  needed t o  s tudy g loba l  s c a l e  f e a t u r e s  and processes.  

P l ane t  coverage between 80% and 50% are de t r imen ta l  t o  g loba l  scale 

s t u d i e s  but  provide a reasonable sc i ence  r e t u r n  i f  a t  l eas t  one 

e n t i r e  hemisphere is imaged. Coverage l e s s  than 50% is f a r  below 

the  base l ine  expec ta t ions  of t he  mission. 

De ta i l ed  and s t e r e o  coverage should be taken of a l l  areas where 

v a r i a t i o n s  i n  morphology, geologic s t r u c t u r e ,  s t r a t i g r a p h y ,  and con- 

structional/destructional geologic processes  may ex is t .  
include s e v e r a l  areas i n  the  e q u a t o r i a l ,  temperate and p o l a r  regions.  

Ground-based r ada r  maps i n d i c a t e  two markedly d i f f e r e n t  types of 

t e r r a i n  r e f e r r e d  t o  as alpha aad b e t a  regions.  One t e r r a i n  type is 
thought t o  be smooth and lacking r e l i e f  while t he  o the r  t e r r a i n  

appear more va r i ega ted .  About a dozen peruanent " s c a t t e r i n g  anoma- 

l ies" have a l s o  been noted although t h e i r  precise nature  has not 

been e s t a b l i s h e d .  Several  of these anomalies, and areas i n  both 

alpha and beta  r eg ions ,  should be examined wi th  both high r e s o l u t i o n  

and s t e r e o  coverage. S p e c i f i c  a r e a s  of i n t e r e s t  cannot be s e l e c t e d  

u n t i l  the  ground based imagery has  been examined i n  d e t a i l .  

This  w i l l  

The e q u a t o r i a l  p e r i a p s i s  geometry is i l l u s t r a t e d  i n  Figure 11-4. 
It is  apparent t h a t  as t he  o r b i t e r  leaves t h e  v i c i n i t y  of the  equa- 

t o r  the  s u r f a c e - t o - o r b i t e r  d i s t a n c e  (range) inc reases  r a p i d l y  a s  a 

func t ion  of e c c e n t r i c i t y .  The followinp, r e l a t i o n s h i p s  i n d i c a t e  t h a t  

t he  increased d i s t a n c e  between the  o r b i t e r  and the  Venusian su r face  

w i l l  r e s u l t  i n  poorer q u a l i t y  da t a  (or  lack of da t a )  i n  the  higher 

l a t i t u d e s .  

mode of operat ion.)  

(These p o i n t s  do not apply t o  a v a r i a b l e  s ide- look angle  

1)  A s  the range inc reases  t h e  power requirement i nc reases  

and becomes the l i m i t i n g  f a c t o r  on northward and south- 

ward coverage. Present  planning i n d i c a t e s  t h a t  a t  
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e c c e n t r i c i t i e s  g r e a t e r  than 0.3, and using an 

e q u a t o r i a l  p e r i a p s i s  and a dual  beamwidth system, 

n e i t h e r  pole w i l l  be imaged. 

Resolution i n  the  range d i r e c t i o n  w i l l  be degraded 

when the  o r b i t e r  i s  a t  maximum mapping a l t i t u d e .  

As range inc reases ,  the grazing angle  increases .  

This results i n  a longer stmospheric pa th  l e n g t h  

wi th  a t t endan t  increased s i g n a l  a t t e n t u a t i o n  and 

lower S/N r a t i o .  

It seems reasonable t o  assume t h a t  a t  least  small d i f f e r e n c e s  

i n  geologic processes and materials may exist i n  t h e  e q u a t o r i a l  

temperate, and p o l a r  regions due to h e a t  budget v a r i a t i o n s  and 

weather condi t ions.  

southern hemispheres are similar is supported by Earth-based 

r ada r  data.  

The assumption t h a t  the  northern and 

I n  view of t hese  assumptions, it would be most advantageous 

t o  examine a t  least one of t h e  poles  and a l l  l a t i t u d i n a l  zones 

of a t  least one hemisphere closely.  Clear ly ,  t h i s  cannot be 

accomplished w i t h  an equa to r i a l  p e r i a p s i s  un le s s  e c c e n t r i c € t i e s  

less than about 0.3 are used o r  v a r i a b l e  s i d e  look acg le  modes 

are employed. However, i f  p e r i a p s i s  is moved t o  45 n o r t h  o r  

south l a t i t u d e  a more even d i s t r i b u t i o n  of higher  q u a l i t y  data 

exists i n  t h e  po la r ,  temperate and e q u a t o r i a l  areas of one hemi- 

sphere (sea Figure 11-51, 

a p s i s  is considerable  l o s s  of coverage i n  t h e  opposi te  hemisphere 

(depending on e c c e n t r i c i t y ) .  

and 11-6 i n d i c a t e  unimaged areas. 

0 

0 
A major disadvantage of a 45 per i -  

S t r iped  areas of Figures 11-4, 11-5, 

A gocd trade-off is t o  l o c a t e  p e r i a p s i s  as a funct ion of t h e  

e c c e n t r i c i t y  f i n a l l y  se l ec t ed .  

f a r  enough from t h e  equator t o  in su re  t h a t  one po le  would be e n t i r e l y  

+imaged. (See Figure 11-6.) This would maxiinide global  coverage and 

P e r i a p s i s  would then be loca ted  j u s t  



11-15 

Figure 11-4 Equatorial Perlapsis,  e = 0-5 ,  
Dual Beamwidth Conffguration 

..... )Rg,* :.:.:*:*.*.. .............. .:. :.:.:*:.w..-.- ............................. '.'.*.*.*.*. *$$F @ * e.*.:.% 

Figure 11-5 Petiapsfs a t  45' North Lat i tude,  e = 0.5,  
Dual Be amwf d t h  Con f i gura t i on 

............................. . .em. .:.: ....... .......................... b ..y.2: .$$.:z ' 

Figure 11-6 Periapsis a t  35O North Lat i tude,  e = 0.5, 
Dual Beamwidth Configuration 
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Per i aps i s  % Resolution % Global 
E c c e n t r i c i t y  La t i tude Degradation- Coverage 

; 

i n su re  t h a t  a t  least  one hemisphere would be t o t a l l y  imaged i n  good 

d e t a i l .  

southern l a t i t u d e s  as  a funct ion of e c c e n t r i c i t y  wCll depeqd un m i s -  

s i o n  year o r b i t a l  c o n s i d e r a t i o w  and examinaticns of fucare Earth- 

base radar  i .mgery.  

l r rb i ta l  Eccentr ic i ty  

Whether p e r i a p s i s  would be s h i f t e d  toward northern o r  

The most d e s i r a b l e  o r b i t  Cor ob ta in ing  d a t a  of e q u i t a b i e  q u a l i t y  

and 100% coverage is c i z c u l a r .  However, payload, propuls ion,  and  

s t a b i l i t y  requirements d i c t a t e  using an e l l i p t i c a l  o r b i t  wi:h eccen- 

t r ic i t ies  between 0.2 and 0.5. The following t a b l e  shows the  appro>;- 

imatr! r e l a t i o n s h i p  between e c c e n t r i c i t y ,  l oca t ion  of p e r i a p s i s  ( a s  

pe r  the  t rade-off  previously discussed) ,  percent  reso1,ution degra- 

d a t i o n  (range d i r e c t i o n )  from p e r i a p s i s  t o  f a r t h e s t  mapping d i s t a n c e ,  

and percent g loba l  coverage. 

with eccentricities of 0.3 ana l e s s  o r  use of a Trariable s i d e  look 
angle  conf iduretior:. 

S c i e n t i f i c  goa l s  are b e s t  accomplistial 

Table 11-1 Relationship of Eccsvtriclt;, and ?eriapsis L a t i  tude 
t o  Resolution Degradation (between Deriapsl's and maximum 
mapping range) and Global coverage, See Table 111-3. 

I 1 

0 (dual beanwidth) 0 0% 100% 

0.3 (dual b e a w i d t h )  525 109% 82.2% 

0.5 (va r i ab le  look 0 400% 100% 

0.5 (dual b e a w i d t h )  235 I GO% 67 .l% 

a rig 1 e) 
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Radar Look Angle - Grazing Angle 

The topographic icformation cclitained i n  a sic!-- Joking radar  

image is pr imar i ly  due t o  1) s lope v a r i a t i o n  a f fec 'mg i n t e n s i t y  of 

backscat ter ing,  2) radar  shadow on the  f a r  range s i d e  of topographic 

f ea tu res ,  and 3) s t e r e o  coverage producing a th ree  dimensional model 

c f  the t e r r a i n .  Radar shadow is p a r t i c u l a r l y  important because it 

lends a photograph-like q u a l i t y  t o  t h e  image (appears similar t o  low 

Sun-angle photography) and enhances topography. The amount o f ,  or 

exis tence  o f ,  radar  shad- is a func t ion  of t e r r a i n  s lope and radar  

look- ang?e /grazing angle .  

angle" def ine  equal q u a n t i t i e s  when the a l t i t u d e  of the  radar  s t a t i o n  

is near  enough t o  the  p lane t  so t h a t  t he  t a r g e t  t e r r a i n  is v i r t u a l l y  

f l a t .  This  s i t u a t i o n  is depicted i n  Figure 11-7 and is discussed 

below. A t  very high a l t i c u d e s ,  such as those encountered i n  t h e  

plarned Venus o r b i t a l  mapper mission, p lane t  curvature  tends t o  

increase t h e  grazing angle so t h a t  graz ing  angle is greater than 

t he  radar s i d e  look angle. 

layover d i s t o r t i o n  it is t h e  graziug ang le  which is relevant to 

me r e s u l t a n t  hage ry .  Therefore,  t h e  t e n  g r a z k g  angle is used 

throughout th ' s  section. 

The terms radar  "look angle" and "grazing 

In texms of topographic shadowing and 

Figure 11-7 (Ref. 11-5) shows the  r e l a t i o n s h i p  between radar  

grazing angle  8 and the  amount of radar  shadow enhancement f o r  a 

f ixed back-facing slope angle  (a) of 70". I n  the  example of Figure 

11-7, no shadow occurs i f  the  grazing angle  is less than the  s lope  

angle ($<a), a grazing s i t u a t i o n  occurs i f  grazing angle equal r  

s lope angle (6 = a;, and shadowing o c c u r s  i f  the graz.'?g angle is 

g r e a t e r  than the s lope angle (;>a). The s i t u a t i o n  depicted i n  

Figure 11-7 is f o r  a slcpe which t rends  parallel  t o  t h e  f l i g h t  l i n e  

of the  radar  platform. 

s lope t rend i n t e r s e c t s  t h e  f l i g h t  l i n e  a t  increas ing  angies .  

The e f f e c t i v e  slope angic  decreases  a s  t he  

Expecience has shown (Ref. 11-6) t h a t  the  optimum grazing angle 

is dependent on the  t e r r a i n  being imaged. I n  a r r a s  of high r e l i e f  
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and s t p e p  s lopes ,  a r e l a t i v e l y  l a r g e  g raz ing  angle  r e s u l t s  i n  much 

d e t a i l  l o s s  because t h e  shadows cast  by major topographic f e a t u r e s  

obscure smaller f e a t u r e s .  Coiiversely, when an  area of l o w  r e l i e f  

and g e n t l e  s l o p e s  is imaged w i t h  small g raz ing  ang le s ,  no shadow 

enhancement is obtained.  There are t w o  poss ib l e  s o l u t i o n s  t o  t h e  

problem of g raz ing  angle  s e l e c t i o n  for t h e  Venus ibda r  Mapper mission. 

The f i r s t  s o l u t i o n  r e q u i r e s  a knowledgt- o r  p r e d i c t i o n  of t h e  

s lope  a n g l e s  t h a t  ex i s t  on t h e  Venusian s t i r face .  

f a c t u a l  d a t a  on t h e  s u r f a c e  morphology of Venus, however, c u r r e n t  

Ea;th-based r ada r  d a t a  suggest  t he  presence of mountains wi th  2 km 

of relief.  T h i s  information Drovides no knowledge of l o c a l  s l o p e s  

because of t he  evcremely coarse lateral r e so lu t ion .  P r e d i c t i o n  of 

s u r f a c e  s l o p e s  based on t h e  high su r face  temp.-rature and t h i c k  atmos- 

phere of Venus can be made bu t  are so s p e c u l a t i v e  i n  na tu re  t h a t  they 

should not be considered as  l i m i t i n g  f a c t o r s  on the  r ada r  system 

design.  It should be noted t h a t  s p e c u l a t i o n  of t h i s  sort  f avor s  sub- 

dued topography with gentle slopes. 

are providing more d e t a i l e d  information on s u r f a c e  s lopes ,  e s p e c i a l l y  

i n  the equatorial regions. 

There are l i t t l e  

Current Earth-base radar d a t a  

The second s o l u t i o n  e l i m i n a t e s  guesswork o r  r e l i a n c e  on Earth-  

based d a t a .  

ing  ang le  while  t he  s p a c e c r a f t  o r b i t s  Venus. One method would be t o  

examine t h e  returned imagery du r ing  t h e  non-mapping po r t ion  of t he  

o r b i t  and then send a conanand t o  the  s p a c e c r a f t  t o  a d j u s t  t he  g raz ing  

ang le  t o  obcain maximum topographic enhancement. It is conceivable 

t h a t  the  r a d a r  system could be designed t o  au tomat i ca l ly  a d j u s t  the 

g raz ing  angle  based on t h e  percent  of shadow area i n  the  scene viewed. 

A s o l u t i o n  of t h i s  type could p o s s i b l y  c r e a t e  new problems i n  terms 

of power and coverage. 

A method might be devised t o  a d j u s t  t he  look ang le lg raz -  

There i s  a c o n s t r a i n t  placed on minimum graz ing  ang le s  because 

of r a d a r  layover .  Radar layover occurs  when the  r ada r  pulse  s t r ikes  
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a topographical ly  high po in t  before energy from t h e  same pulse  

strikes a topographical ly  lover but c l o s e r  pa in t .  The r e s u l t a n t  

imagery shcws the high poin t  t o  be s p a c i a l l y  c l o s e r  t o  t h e  nadi r  

po in t  than the  lower po in t  which is a c t u a l l y  c l o s e r .  T h i s  d i s t o r -  

t i o n  produces a "chevron-like'' p a t t e r n  i n  a r e a s  of s t e e p  s lopes  

t h a t  v i r t u a l l y  masks a l l  tcpographic d a t a .  This  e f f e c t  is less 

s e r i o u s  i n  areas of g e n t l e  slopes. The p o s s i b i l i t y  of g e t t i n g  

radar  layover a t  small  grazing angles n e c e s s i t a t e s  l i m i t i n g  graz ing  

angles  t o  g r e a t e r  than about 20'. 
graz ing  angle  on layover  d i s t o r t i o n  and shad- enhancement. 

image is c a l i b r a t e d  i n  depress ion  angle uhici is  the  conpleatent of 

grazing angle ( f l a t  p l ane t  d e l ) .  

Figure 11-8 s h w s  the  e f f e c t  of 

The 

Auxi 1 i ary Ins t-rumen t a t i  on 

Dual Polar iza t ion .  Dual Frequency - Appl ica t ion  of dua l  p o l a r i -  

z a t i o n  and dua l  frequency modes of opera t ion  f o r  s i d e  looking radar  

t o  geologic  problems are i n  the very e a r l y  s t a g e s  of research .  

Po la r i za t ion  has been used by seve ra l  i n v e s t i g a t o r s  bu t  none have 

repor ted  an  increase  i n  or enhancement of Lopographic da t a .  Rather,  

they suspect  t h a t  va r i a t io i i s  i n  t h e  c ross -polar ized  ve r sus  l i k e -  

po lar ized  imagery are due t o  s o i l  moisture conten t ,  su r f ace  rough- 

ness ,  vege ta t ion ,  and c u l t u r a l  f e a t u r e  c h a r a c t e r i s t i c s .  It is t r u e  

t h a t  t h e  s o i l  moisture ,  su r f ace  roughness and vege ta t ion  are o f t en  

i n d i r e c t l y  con t ro l l ed  by the l i t ho logy ,  s t r u c t u r e  and hydrology of 

a n  area but  the  occurrence of water and vege ta t ion  on Venus is 

extremely unl ike ly .  Some su r face  roughness da t a  w i l l  bc acquired 

wi th  ti:e single p o l a r i z a t i o n  system. 

Dual frequency has received less development than dua l  p o l a r i -  

Dual 

za t ion  and very l i t t l e  geoscience experimentat ion has been accom- 

p l i shed .  The primary advantages of dua l  frequency imaging a r e  the 

p o t e n t i a l  of obta in ing  more p rec i se  su r face  roughness da t a  and  d i s -  

c r imina t ion  apd i d e n t i f i c a t i o n  of crop types.  The use  of a dual 
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frequency r ada r  system €or a Venus o r b i t a l  mapper would provide a 

measure of assurance t h a t  good d a t a  would be obtained a t  a longer 

wavelength i f  t he  atmosphere a t t e n u a t e d  the  s h o r t e r  wavelength more 

than a n t i c i p a t e d .  

Rqdar Altimeter - Rada ' altimeter p r o f i l i n g  would be a valuable  

c a p a b i l i t y  t o  the  mission sc i ence  r e t u r n .  Data from t h i s  instrument 

is needed i f  a program such as  t h e  AS-IIA is t o  be appl ied t o  the  

imagery f o r  s t e r e o  viewing. The topographic p r o f i l e  can be used t o  

check and c a l i b r a t e  t h e  r e l a t i v e  height  d a t a  provided by t h e  imaging 

syctem. Addit ional  s c i ence  value can be obtained i f  a d u a l  frequency 

altimeter is used. Proper s e l e c t i o n  of t h e  two frequencies  may allow 

t h e  determinat ion of r e l a t i v e  su r face  p re s su res  which, when compared 

t o  the  topographic p r o f i l e  d a t a ,  w i l l  allow t h e  d e t e c t i o n  and s tudy  

of mass concentrat ions.  

Radiometer - A microwave radiometer,  using the  frequency, antenna 

and r e c e i v e r  of t h e  imaging r a d a r  system, may provide u s e f u l  secondary 

geologic  information. Although it is u n l i k e l y  t h a t  l a rge  v a r i a t i o n s  

i n  s u r f a c e  temperature w i l l  r e s u l t  from uneven i n s u l a t i o n  or rock 

thermal p r o p e r t i e s ,  it would be poss ib l e  t o  s t u d y  geothermal a c t i v i t y  

and the  lower atmospheric l apse  r a t e  ( ca l cu la t ed  t o  be 8OC/km). 
Aerial Magnetometer - An a e r i a l  magnetometer could providz valu-  

a b l e  d a t a  on the  na tu re  of the  Venusian magnetic f i e l d ,  i f  t h e  ex ic t -  

ence of a f i e l d  is e s t a b l i s h e d  by pre-mission f ly-bys.  Var i a t ions  

i n  d i r e c t i o n ,  i n t e n s i t y  and i n c l i n a t i o n  may provide information on 

the  co re  of Venus and the  d i s t r i b u t i o n  of f e r romagne t i ca l ly  r i c h  

rocks.  

Dual Frequency Occu l t a t ion  - A d u a l  frequency occu l t a t io r .  expe r i -  

m e n t  could be included on the  mapper mission wi th  minimum hardware 

modif icat ion.  The X-band c o m u n i c a t i o n  l i n k  and S-band imaging sys- 

tem equipment can be used t o  provide valuable  information about t he  

Venusian atmosphere and p l ane t  shape. 
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CONCLUSIONS AND RECOMMENDATIONS 

The scicnce o b j e c t i v e s  of  the Venus o r b i t a l  mapper mission can 

b e s t  be r e a l i z e d  by obtaining Venusian su r face  topographic informa- 

t i o n .  A s y n t h e t i c  a p e r t u r e  s ide- looking r ada r  system i s  a p r a c t i c a l  

neans of c o l l e c t i n g  these  topographic d a t a .  Radar system v a r i a b l e s  

must be spec i f i ed  t o  optimize t h e  topographic d a t a  r e t u r n  and ye t  

be compatible wi th  c o n s t r a i n t s  placed on the system by the  Venusian 

atmosphere and power, weight, d a t a  t ransmission r a t e s  and c o s t  

1 i m i t a t i o n s .  

A b a s e l i n e  imaging r e s o l u t i o n  of 100 meters can provide an 

excellent topographic map and a l low g e o l o g i s t s  t o  i n t e r p r e t  t h e  

b a s i c  geologic  h i s t o r y  and o r i g i n  of Venus. A h igh  r a s o l u t i o n  

mode of operat ion would be va luab le  both  t o  t h e  g e o l o g i s t ,  en- 

a b l i n g  t h e  i d e n t i f i c a t i o n  and understanding of small scale geo- 

l o g i c  phenomena, and t o  t h e  planners  of s u r f a c e  l ande r  missions.  

I n  o rde r  to  o b t a i n  h igher  r e s o l u t i o n  coverage it is l i k e l y  t h a t  

small amounts of 100 meter r e s o l u t i o n  coverage would have t o  be 

s a c r i f i c e d  due t o  d a t a  rate l i m i t a t i o n s .  If s c i e n t i s t s  are a b l e  

t o  select t h e  d i s t r i b u t i o n  of  h igh  r e s o l u t i o n  coverage, on ly  a 

very  l i m i t e d  amount of g loba l  coverage (on t h e  o r d e r  of 2%) is 
needed. 

The use of o r b i t a l  e c c e n t r i c i t i e s  g r e a t e r  than about 0.3 (with 

dua l  beamwidth conf igu ra t ions )  may r e s u l t  i n  less than 100% g loba l  

coverage and v a r i a t i o n  i n  the  q u a l i t y  ( r e so lu t ion )  of t h e  imagery. 

I n  order  t o  maintain coverage of a t  l e a s t  one e n t i r e  hemisphere, and 

y e t  maximize g loba l  coverage, p e r i a p s i s  l a t i t u d e  should be located 

north o r  south of the equator  j u s t  far  enough t o  cover one po la r  

region wi th  r e s o l u t i o n  not coa r se r  than about 200 meters.  This  

s t r a t e g y  w i l l  insure  tha t  high q u a l i t y  data w i l l  be obtained of 

e q u a t o r i a l ,  temperate and po la r  l a t i t u d e s .  A v a r i a b l e  s ide- look 
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angle  conf igu ra t ion  would al low pole-to-pole coverage wi th  a n  equa- 

t o r i a l  p e r i a p s i s  . Present  knowledge (Earth-based r ada r  imagery) 

suggest no geologic  reason t o  p r e f e r  coverage of e i t h e r  the  northern 

or southern hemisphere so mission year  o r b i t a l  cons ide ra t ions  may 

determine t h e  most advantageous p e r i a p s i s  h a i s p h e r e .  

S t e r e o  coverage is important t o  t h e  sc i ence  o b j e c t i v e s  of t he  

mission and may be obtained by viewing t h e  t a r g e t  area from the  same 

s i d e  on subsequent o r b i t a l  pas ses .  Several techniques are being 

developed t o  c o r r e c t  S U R  imagery for  s t e r e o  viewing such as the  

Army's AS-IIA r ada r  program. F i f t e e n  t o  twenty percent s i d e  l ap  

w i l l  provide s u f f i c i e n t  s t e r e o  coverage t o  s a t i s f y  t h e  sc i ence  

requirements.  

is needed. 

More s tudy  of p a r t i c u l a r  s t e r e o  processing techniques 

An imaging r a d a r  system frequency of 3.0 X z  (10 ~111, S-band) 

is recommended. T h i s  frequency o f f e r s  a good compromise between 

atmospheric pene t r a t ion  and a b i l i t y  t o  o b t a i n  topographic da t a .  

There is some ambiguity as t o  whether t he re  is inherent  loss of 

topographic information when using longer wavelenLths. This prob- 

l e m  should be reconsidered as more longer wavelength imagery becomes 

a v a i l a b l e  f o r  eva lua t ion .  

Radar look-angle /grazing angle has important conseqaence on  the  

q u a l i t y  and amount of topographic d a t a  content  of t he  r e s u l t a n t  

imagery. The optimum graz ing  angle  is inve r se ly  p ropor t iona l  t o  

l o c a l  su r f ace  s lopes  and provides same shadow enhancement of topog- 

r aph ic  f ea tu res .  Without a knGvledge of Venusian su r face  s lopes  t o  

base s e l e c t i o n  of grazing angle on, a r e a l  time v a r i a b l e  system which 

ope ra t e s  e i t h e r  au tomat i ca l ly  or on command from Ear th  is d e s i r a b l e .  

A c o n s t r a i n t  of a t m t  20' is placed on minimum grazing angle because 

of radar  layover d i s t o r t i o n  near t he  n a d i r  l i n e  of t h e  s p a c e c r a f t .  

Radar alt imeter p r o f i l i n g  i.s considered the  most valuable  a u x i l -  

i a r y  iristrumentation and may be necessary for  c o r r e c t i n g  t h e  s t e r e o  
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imagery f o r  i n t e r p r e t i v e  viewing. A dual  frequency a l t i m e t e r  wnuld 

o f f e r  t h e  a d d i t i o n a l  a b i l i t y  t o  measure r e l a t i v e  su r face  pressure  

zind al low the  s tudy  of mass concen t r a t ions .  

D u a l  p o l a r i z a t i o n  and d u a l  frequency modes of ope ra t ion  of t he  

imaging system appear  t o  o f f e r  l i t t l e  t o  accomplishing t h e  mission 

sc ience  ob jec t ives .  Addi t iona l  secondary geologic  information,  

mainly su r face  roughness d a t a ,  may be gathered wi th  these  techni -  

ques.  It is  recomnended t h a t  bo th  dua l  p o l a r i z a t i o n  and dua l  

frequency be  considered as op t iona l  a u x i l i a r y  instrumentat ion.  

Limited microwave radiometry,  u s ing  t h e  imaging system hardware, 

is a v i r t u a l l y  "free" experiment t h a t  may provide va luable  informa- 

t i o n  about geothermal a c t i v i t y  and lower atmosphere lapse  rates. 

I f  pre-mission f ly-bys i n d i c a t e  the  ex i s t ence  of a Venusian mgnet ,c  

f i e l d  a magnetometer on board the  o r b i t e r  could measure v a r i a t i o n s  

i n  d i r e c t i o n ,  i n t e n s i t y ,  and i n c l i n a t i o n  of t he  f i e l d  t o  provide 

information on t h e  Venusian core and d i s t r i b u t i o n  of f e r r m a g n e t i -  

c a l l y  r i c h  rocks.  Dual frequency o c c u l t a t i o n  experiments would 

r e q u i r e  minimum modif ica t ion  of hardware and can provide information 

about t he  atmosphere and the  shape of Venus. 
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111, MISSI3N ANALYSIS 

TNTRODtJCTION AND ASSUMPTIONS 

Relevant Misston Design Parameters 

Mission design,  as  i t  r e l a t c s  t o  e i t h e r  a prel iminarv search f o r  

o r  d e f i n i t i o n  of l una r  o r  i n t e rp lFne ta ry  t r a j e c t o r i e s ,  must t r e a t  

those key parameters which a r e  nea r ly  univer:,al f o r  311 missii7n arial- 

y ses ,  and thosk whinh de r ive  from the  s p e c i f i c  o b j e c t i v e s  of a p-r- 

t i c u l a r  mission concept.  I n  t h i s  s tudy ,  the iwcessary look a t  launch 

energy and hyperbolic excess  v e l o c i t y  a t  Venus a r r i v a l  has b e e a  caken 

i n  order  t o  e s t a b l i s h  thc o p p o r t u c i r i e s  favor.-ble f o r  a V e n u s  o r b i t e r  

mission during ;he 198%. Tn bdd i t ion ,  exernination of the  o r i e v t a -  

t i o n s  02 s p a c e c r a f t ,  Sun, and p l a n e t s  au r ing  c r u c i a l  t r a j e c t o r y  phases 

has  been e s s e n t i a l  f o r  v i s i b i l i t y  i n t o  the  dcpendpnce o r  independence 

on mission y e a i  and t r a j e c t o r y  type of such parameters a s  communira- 

t i o n s  range, s o l a r  ang le s ,  o c c u l t a t i o n  t i  ws, and o r b i t  o r i e n t a t i o n  

p o s s i b i l i t i e s .  F i n a l l y ,  the elements of t he  radar  napping des ign  

o r b i t  corresponding t o  s i z e  (eccea< _ _ c i t y  and p e r i a p F i s  a l t i t u d e ?  and 

o r i e n t a t i o n  ( i n c l i n a t i o n  and p e r i a p s i s  l oca t ion )  a r e  perhaps the  most 

c r u c i a l  parameters. These i n t e r r e l a t e  w i t ' ,  the  p r inc ipa l  spacec ra f t  

systems and inf luence /are influenced by o r b i t  i n s e r t i o n  propuls ion 

requirements,  weight i n  o r b i t  c a p a b i l i t y ,  a p s i d a l  s h i f t  pecal'y, 

approach navigat ion accuracy and 0rc.t determinat ion radar  system 

des ign  and mapping s t r a t e g y ,  o c c u l t a t i o n s ,  t c l e c o m u n i c a t i o n s  schedules  

and power requirements, and thermal des iga .  The i s s ion  a i . 3 i j s i s  sot- 

t i o n  of t h i s  volume inco rpora t e s  each of these r e l a t i o n s h i p s  i n t o  a 

parametric study, and i n d i c a t e s  he r e l e v a n t  t r a d e s .  
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Rationale for hission/Orbit Selection 

Mission oppor tun i t i e s  i n  the 1980s have been searched with the 

general  assumption of  optimizing in se r t ed  w i g h t  i n  orb' t  f o r  1)  a 

20-day launch window, 2) impulsive coplanar  i n s e r t i o n  i n t o  an 

e c c e n t r i c i t y  o r b i t  w i th  400 km p e r i a p s i s ,  3) a "rubber" p rope l l an t  

load and usz fu l  weight, and 4) VikGig 2-tank i n e r t  weights. 

a s s m d  launch veh ic l e  is T i t a n  I I IF iken tau r ,  and where indicated,  

the c a p a b i l i t y  of a Shut t le lCentaur  is included. 

t ies  both Type I and X I  trajectories have been examined, bu t  un le s s  

the perfoxmxnce of both types is found comparable, only t h e  more 

favorable t r a j e c t o r y  mode is t r e a t e d  i n  d e t a i l .  

ing periods f o r  Earth-Venus t r a n s f e r s  du r ing  t h e  decade has drawn i n  

la rge  pa r t  f r m  the performance contours of Reference 111-1. 

111-1 and 111-2 i l l u s t r a t e  a t y p i c a l  set of  launch energy (C ) and 

arrival hyperbolic excess v e l o c i t y  (Vhp) cum8 f o r  t h e  1984 oppor- 

tun i ty ,  der ived f r m  t h e  reference.  

departure  from the  Cape Kennedy f a c i l i t y  are assurPed to  be between 

4 4 O  and 114'. 
mission oppor tun i t i e s  considered i f  c o a s t  tippes of  1 hour can ?e 

achieved f o r  Centaar by the 1980s. 

The 

For a l l  opportuni- 

I s o l a t i o n  of promis- 

Figures  

3 

Launch aziruth restrictions f o r  

This  c o n s t r a i n t  is not v i o l a t e d  for t h e  range of Venus 

Behind the  design of the mapping o r b i t  l i e s  the  o v e r a l l  ob jec t ive  

of a complete Venusian su r face  p r o f i l e  map a t  r e s o l u t i o n s  approaching 

100 meters. 

gain access t o  a l l  l a t i t u d e s ,  a reasonably law p e r i a p s i s  a l t i t u d e  t o  

achieve the desired r e so lu t ion ,  and a n  o r b i t e r  mission lifetime of 

about 240 days wi th  a n  e c c e n t r i c  o r b i t  (or 120 days with a c i r c u l a r  

o r b i t )  t o  mep a l l  longi tudes.  A p e r i a p s i s  a l t i t u d e  of 400 krn has 
been selected as a nominal t a r g e t  va lue - - th i s  combines the  expected 

ainimum a l t i t u d e  necessary t o  avoid s l i p p i n g  i n t o  the  Venus atmos- 

phere (300km) wich a n  expected 3-sigma a l t i t u d e  d i spe r s ion  (74 km) 
from navigacion e r r o r  sources.  Location of p e r i a p s i s  w i t '  respect 

This commands a n  orbit i n c l i n a t i o n  near  po la r  (90O) t o  
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t o  t h e  p l a n e t  equa to r  becomes a func t ion  of t he  p a r t i c u l a r  radar  

system and mapping s t r a t e g y  considered.  A l l  o the r  o r b i t  parameters 

and t r a j e c t o r y  c h a r a c t e r i s t i c s  are allowed t o  p lay  a g a i n s t  s p e c i f i c  

s p a c e c r a f t  requirements  i n  t h e  parametrics that follow. 

It should be noted that  t h e  convent ion used i n  t h i s  s tudy  f o r  

d i r e c t i o n s  wi th  r e s p e c t  t o  t h e  Venus s u r f a c e  corresponds t o  a Venus 

o r b i t  plane system, which l o c a t e s  North i n  the  d i r e c t i o n  of North 

e c l i p t i c  and preserves  a coIIIM)n sense  of d i r e c t i o n  ammg a l l  bodies 

cons idered .  Due t o  t h e  p l ane t ' s  reverse sp in ,  i t s  e q u a t c r i a l  coor-  

d i n a t e  system is a c t u a l l y  reversed  North t o  South. The Venus o r b i t  

plane system is i l l u s t r a t e d  i n  Figure 111-3. 

Structure o f  the Parametric Study 

The na tu re  of ;he approach t o  miss ion  des ign  f o r  t h e  r ada r  mapper 

w a s  such t h a t ,  a l though a n  i n i t i a l  s t r u c t u r e  w a s  def ined  e a r l y  f o r  

t h e  genera l  d i r e c t i o n  of t he  parametrics, the  s t r u c t u r e  w2s 2xpanded 

upon as requi red  to inc lude  a d d i t i o n a l  emphasis on mission parameters 

which became s i g n i f i c a n t  a s  the  gene ra l  des ign  evolved. 

I n i t i a l l y ,  t h e  paramet r ics  were grouped i n t o  t h r e e  c a t e g o r i e s  t o  

f a c i l i t a t e  understanding of t h e  whole. Assigned t o  one ca tegory  were 

those  s t u d i e s  which were c l e a r l y  dependent upon mission year  dnd t r a -  

j e c t o r y  type.  Included here  were d e f i n i t i o n s  of launch energy and 

a r r i v a l  v e l o c i t y ,  nominal o r b i t  i n s e r t i o n  o r i e n t a t i o n s  f o r  coplanar  

t r a n s f e r ,  and t r a j e c t o r y  geometry. A second ca tegory  included s t u d i e s  

r e l a t i v e l y  independent of mission yea r ,  such a s  assessment of o r b i t  

s t a b i l i t y  f o r  vary ing  o r b i t  s i z e  and o r i e n t a t i o n ,  a n a l y s i s  of' su r face  

coverage p o t e n t i a l  f o r  va r ious  o r b i t s ,  and d e f i n i t i o n  of o r b i t  trims 

and a t t i t u d e  maneuvers. A t h i r d  ca tegory  grouped toge the r  s t u d i e s  

which could not  5 priori  be ass igned  t o  e i t h e r  of t h e  f i r s t  two 

groupings.  Included here  were o c c u l t a t i o n  c h a r a c t e r i s t i c s ,  p e r i a p s i s  

s h i f t  requirements ,  and c e r t a i n  fea tu ,es  of otbi!  a h i l i t y .  Areas 

which required cons iderable  expansion from <ne 3 ,rnirlaiy s t r u c t u r e ,  
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due to  t h e i r  c r i t i c a l  impact on systems design,  were f i n i t e  burn l o s s  

e f f e c t s  on i n s e r t i o n  AV, r ea s ses scen t  of weight i n  o r b i t  c a p a b i l i t i e s  

for a v a r i e t y  of i n s e r t i o n  propuls ion systems, and determinat ion of 

ove r l ap  coverage f o r  va r ious  r ada r  systems and mapping s t r a t e g i e s .  

PARAMETRIC STUD1 ES 

Mission Performance 

Mission performance assessment has  been d i r e c t e d  i n  large p a r t  

toward d e f i n i t i o n  of t he  performance c a p a b i l i t y  f o r  t he  considered 

Venus o p p o r t u n i t i e s  of t h e  1980s. 

areas of maximum weight i n  o r b i t  p o t e n t i a l  based on the  assumptions 

of 1) T i t a n  IIIE/Centaur,  2) Viking o r b i t  i n s e r t i o n  propuls ion,  3) a 

"rubber" p r o p e l l a n t  load, and 4) optimizing f o r  coplanar  i n s e r t i c n  

into an o r b i t  of moderate e c c e n t r i c i t y  (e = 0.3). For a l l  mission 

y e a r s  both Type I and I1 t r a j e c t o r i e s  were inves t iga t ed ,  bu t  on ly  

when performance was found comparable have both types been included 

i n  the  d e t a i l e d  d e s c r i p t i o n .  To complete t h e  view, the  performance 

of a Shut t le lCentaur  launch system has been included i n  the  s tudy.  

The view has been one of i s o l a t i n g  

L i s t ed  i n  Table 111-1 are the  performance parameters and trajec- 

t o r y  c h a r a c t e r i s t i c s  f o r  a 20-day launch windows f o r  each opportu- 

n i t y ,  optimized under the  assumptions d e s c r l  -d above. The t a b l e  

p r e s e n t s  weight i n  o r b i t ,  Cg, t r i p  times, t r a n s f e r  angles ,  Vhp, and 

o t h e r  r e l a t e d  parameters, a l l  f o r  the  s t a r t ,  midpoint, and end of 

each window. 

Of primary importance t o  the  parametric a n a l y s i s  is the  p r o f i l e  

of performance as the  des i r ed  o r b i t  e c c e n t r j c i t g  v a r i e s .  This  s i t u -  

a t i o n  i s  summarized i n  Figures  111-4 and 111-5, where the  curves 

r ep resen t  worst  day cond i t ions  f o r  each 20-day opportuni ty .  It is 

t h i s  p r o f i l e  which becomes a key t r ade  i n  s i z i n g  the  r e fe rence  o r b i t .  

With the  prel iminary assumption of an a r b i t r a r y  des i r ed  i n - o r b i t  
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weight of 1000 kg, t h e  curves can be r e l a t e d  t o  mission f e a s i b i l i t y .  

For a l l  oppor tun i t i e s  t o  be v i a b l e ,  wi th  s u f f i c i e n t  margin t o  account 

f o r  normal systems growth and more r e a l i s t i c  assessments of o r b i t  

i n s e r t i o n  AV, o r b i t  e c c e n t r i c i t y  must be 0.5 o r  greater. 
c i t i es  lower than 0.5 are considered, mission years  become l o s t  i n  

the  order  1988, 1986, and 1989 w i t h  dec reas ing  e c c e n t r i c i t y .  A n  

e c c e n t r i c i t y  of 0.2 r ep resen t s  probably t h e  least e c c e n t r i c  orbit t h a t  

could be r e a l i z e d  f o r  any of the  mission years .  Again, these conclu- 

s i o n s  rest on the set  of assumptions d e t a i l e d  previously,  and a r e  

i n d i c a t i v e  of t r e n d s  and p o t e n t i a l  l i m i t i n g  c r i te r ia .  

As e c c e n t r i -  

As the  parametrics progressed i n t o  o t h e r  a r e a s  related t o  per-  

formance c a p a b i l i t y ,  the payload p r o f i l e  became modified t o  inco r -  

po ra t e  t h e  refinements. S p e c i f i c a l l y ,  t h e  ana lyses  d iscussed  i n  t h e  

following subsect ions concerns a more s o p h i s t i c a t e d  and complete 

t reatment  of o r b i t  i n s e r t i o n  requirements and a n  allowance f o r  a 20° 

a p s i d a l  s h i f t  t o  p l a c e  p e r i a p s i s  on t h e  equator  i n  any miss ion  year. 

These cons ide ra t ions  s t r o n g l y  inf luenced t h e  des ign  of t h e  i n s e r t i o n  

propulsion system and u l t i m a t e l y  l e d  t o  t h e  t reatment  of a 3-engine 

inadequate f o r  o r b i t  eccentricities of 0.5 or less given t h e  qua l i fy -  

teristics, were i n  t u r n  incorporated i n t o  t h e  c a p a b i l i t y  p r o f i l e ,  

and the curves of Figures  111-6 and 111-7 i l l u s t r a t e  the more r e a l -  

i s t i c  p i c t u r e  wi th  inc lus ion  of higher  i n e r t  weight va lues ,  and  AV 
adjustments and l o s s e s .  D e t a i l s  of these  adjustments a r e  discussed 

i n  t h e  fo l lawing  subsect ion.  It is s u f f i c i e n t  t o  note  here  t h a t  i n  

t h i s  more realistic view the 1986 and 1988 o p p o r t u n i t i e s  would be 

inadequate for o r b i t  e c c e n t r i c i t i e s  of .5 o r  less given the q u a l i f y -  

ing assumption of a 1000 kg payload. 

Optimization fo r  a 20-day launch window was considered most rep- 

r e s e n t a t i v e  of i n t e r p l a n e t a r y  mission philosophy. 

design window, such as 10 days, performance improves as the less 

favorable  " t a i l s "  of the weight i n  o r b i t  curve a r e  t runca ted .  

Over a s h o r t e r  
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Addit ional ly ,  a narrower range of a p s i d a l  r o t a t i o n  requirements can 

be t r e a t e d ,  which tends t o  eliminate the  more extreme cases f o r  t hese  

missions.  The opposi te  is t r u e  of a longer window. I f  a 30-day 

window were t o  be designed, t he  problem of t he  performance ” ta i l s”  

and extremes f o r  a p s i d a l  s h i f t  would be aggravated, w i th  a co r re s -  

ponding loss  of i n -o rb i t  weight c a p a b i l i t y .  

F ina l ly ,  t h e  value of S h u t t l e k e n t a u r  as a launch a l t e r n a t i v e  

can be der ived from Figure 111-7. 
d e l i v e r i n g  a payload t o  Venus is about twice t h a t  of T i t a n  IIIE/ 

Centaur, and t h i s  opens t h e  p o s s i b i l i t y  of a d u a l  spacec ra f t  mission. 

With two spacec ra f t  i n  Venus o r b i t  a v a r i e t y  of op t ions  is made a v a i l -  

ab l e .  

c e n t r a t e  mapping coverage over each hemisphere, north and south,  w i th  

each o r b i t e r ’ s  p e r i a p s i s  located a t  opposing mid - l a t i t udes  . 
would ensure 100% su r face  coverage from pole t o  pole ,  w i th  reduced 

a p s i d a l  shLf t  r equ l -men ta .  

involve a time-staggered i n s e r t i o n  sequence f o r  t he  two s p a c e c r a f t ,  

p l ac ing  them i n t o  i d e n t i c a l ,  b u t  lagging, o r b i t s .  With t h i s  concept , 
t he  leading o r b i t e r  could map i n  the  nominal r e s o l u t i o n  mode gaining 

the  des i r ed  complete, overlapping s u r f a c e  p r o f i l e .  The second space- 

c r a f t  i n  i t s  t r a i l i n g  o r b i t ,  phased t o  a l l aw d i g e s t i o n  of t he  a rea  

coverage map, could then be a high r e r o l u t i o n  mapper, concen t r a t ing  

on real o r  near real- t ime-selected f ea tu re8  of i n t e r e s t .  A t h i r d  

opt ion would simply be the idea of redundant v e h i c l e s  assigned the  

same baaic  mission, s e rv ing  a8 a mutual backup system. This  SUUIM- 

riees a few of t he  more promising a l t e r n a t i v e s  f o r  a Space S h u t t l e 1  

dual s p a c e c r a f t  mission design. 

I ts  p o t e n t i a l  c a p a b i l i t y  f o r  

F i r s t ,  t h e  two v e h i c l e s  could be t a r g e t e d  s e p a r a t e l y  t o  con- 

Th i s  

Probably a more a t t r a c t i v e  op t ion  would 

Orb1 t Insert i on Requ 1 mmen t s  

A 8  indicated previously,  t h e  i n i t i a l  performance eva lua t ion  

t r e a t e d  a s impl i f i ed  o r b i t  i n s e r t i o n  i n  order  t o  set the  p i c t u r e  f o r  

the  in-depth s tudy.  Ea r ly  des ign  work on l o c a t i o n  of p e r i a p e i s ,  
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which w i l l  be discirssed i n  d e t a i l  i n  t he  subsectio,i  on o r b i t  o r i en -  

t a t i o n  p o s s i b i i i t i e s ,  indicated t h a t  some provis ion be made f o r  t h e  

i n c l u s i o n  of a p s i d a l  s h i f t  c a p a b i l i t y  du r ing  o r b i t  i n s e r t i o n .  I n  

b r i e f  t h i s  arises from t h e  d e s i r e  t o  r e l o c a t e  p e r i a p s i s  f o r  e c c e n t r i c  

o r b i t s  e i t h e r  t o  the  equa to r ,  o r  o t h e r  s p e c i f i e d  l a t i t u d e ,  by s h i f t -  

i ng  t h e  nominal l o c a t i o n  gained by r p l a n a r ,  optimal i n s e r t i o n .  A 

20' s h i f t  has been s e l e c t e d  as  s u f f i c i e n t  t o  provide enough capa- 

b i l i t y  t o  achieve a p e r i a p s i s  a t  most considered l a t i t u d e s  f o r  most 

missions.  I n  a d d i t i o n ,  t he  l a r g e  burn times and areas a s soc ia t ed  

w i t h  t h e  r e s u l t i n g  i n s e r t i o n  maneuvers indicated thac  f i n i t e  burn 

' osses  needed cons ide ra t ion  f o r  a complete assessment of i n s e r t t o n  

requirements.  

The d e t a i l e d  a n a l y s i s  has considered the  e f f e c t s  of i n s e r t i n g  t h e  

de l ive red  payload a t  Venus i n t o  o r b i t s  of varying e c c e n t r i c i t y .  Pro- 

p e l l a n t  load and payload weight i n  o r b i t  were depei,dent parameters, 

a s  was the  r e s u l t i n g  AV. A p re - inse r t ion  weight o f  4000 kg was ini- 
t i a l l y  assumed as nominal, based on the T i t a n  II lE/Centaur  c a p a b i l i t y  t o  

d e l i v e r  t h a t  weight t o  Venus f o r  most u i s s i o n  yea r s .  

s i d e r e d  t o  be a t  f ixed a t t i t u d e .  

independent v a r i a b l e ,  along with Vhp magnitude a t  Venus. For the 

missions considered,  Vhp ranged from 3 t o  5 k d s e c .  

Burns were con- 

O r b i t  e c c e n t r i c i t y  was a primary 

These assumptions y i e lded  a conse rva t ive  eva lua t ion  of t h e  bounding 

va lues  of f i n i t e  burn l o s s ,  and the degree of conservatism w i l l  be  ad- 

d re s sed  later. Given the t h r u s t  level (2.669 N) and mass flow (-.95162 

kg/sec) typical o f  a 2-engine Viking class insertion propuls ion system, 

the  burn times and arcs f o r  i n s e r t i o n  i n t o  even t h e  r e l a t i v e l y  "loose" 

o r b i t  of 0.5 e c c e n t r i c i t y  were found t o  produce unacceptable  lo s ses .  

AV p e n a l t i e s  assessed o r b i t  i n s e r t i o n  ranged between 400 and 700 m/sec 

f o r  the  appropr i a t e  Vhp range, w i th  l o s s e s  of f a r  g r e a t e r  magnitude 

fo r  less e c c e n t r i c  o r b i t s .  The dashed l i n e  of Figure 111-8 rep resen t s  

the  l o s s e s  and a p s i d a l  s h i f t  pena l ty  wi th  two engines  and .5 eccen ty i -  

The 

c i t y .  
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Figure 111-8 F i n i t e  Burn Loss and Apsidal S h i f t  f o r  2 and 4 Engines 
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D:ie t o  the  s e v e r i t y  of f i n i t e  burn l o s s ,  a 4-engine system was 

evalua ted ,  wi th  net  t h r u s t  l eve l  therehy doubled. Pred ‘ c t a b l y ,  

l o s s e s  were reduced t o  more reasonable l e v e l s ,  i n  some cases  reduced 

by more than 60%. I n  Figure 111-8 the family of curves  f o r  the 4- 

engine conf igura t ion  p resen t s  t he  burn l o s s  /aps ida l  s h i f t  requi re -  

ments f o r  varying e and Vhp. System s t u d i e s  intervened a t  t h i s  po in t  

and ind ica ted  t h a t  from an  opera t iona l  view, growth t o  a 3-engine sys -  

ten would be f a r  supe r io r  t o  anything l a r g e r .  

t h a t  system were then  examined, and found t o  be nea re r  t h e  4-engine 

f i g u r e s  than they were t o  the  2-engine case ,  and of a manageable 

na ture .  Loss l e v e l s  €or t he  3-engine system a r e  i l l u s t r a t e d  by 

Figures  111-9 and 111-10. A l l  curves  include the  allowance, or 

pena l ty ,  of the  20’ a p s i d a l  s h i f t .  These AV p e n a l t i e s  u n d ? r l i e  t h e  

modiEication of performance $resented i n  Figures  111-6 and 111-7 of 

t he  preceding subsec t ion .  

Losses assoc ia ted  w i t k -  

I n  a s ses s ing  the  q u a n t i t a t i v e  na ture  of l i n i t e  burn loss charac-  

t e r i s t ics  f o r  var ious  propuls ion t h r u s t  l e v e l s ,  cons ider ing  d i f f e r e n t  

o r b i t  sizes and p re - inse r t ion  weights,  a convenient *jarmeter for 
measuring these  l o s s e s  is  the  p r e - i n s e r t i o n  t h r u s t  t o  weight r a t i o  

(T/W). 

curves  has been developed, Figure 111-J1, which r e l a t e s  t h e  amount 

of f i n i t e  burn loss t o  t h e  impulsive AV requirement and removes t h e  

previous conservatism. 

each miosion oppor tuni ty  i n  terms o t  def in ing  reasonable  t h r u s t  l e v e l s  

f o r  a v a r i e t y  of des i r ed  o r b i t  sizes. 

each oppor tuni ty ,  wi th  adjustment  made f o r  a 20’ aps ida l  s h i f t ,  are shown 

i n  Figure 111-12 vary ing  wi th  o r b i t  e c c e n t r i c i t y .  

of each launch winiow has been s e l e c t e d  f o r  worst  case ana lys i s .  

With T/W as the  p r i n c i p a l  independent parameter,  a family of 

This  set  of  curves can then be used t o  eva lua te  

The impulsive AI? requirements  f o r  

Here t h e  h ighes t  Vhp 

Figure 111-11 includes curves fo r  imoulsive AV equal  t o  1800, 

2400, 3000, and 38GO m/scc, which roughly correspond t o  t h e  range 

appropr ia te  t o  the  Venus o r b i t e r  missions cons ider ing  eccePtrici’:-es 
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from 0 to  0.8. The dashed l i n e s  po r t r ay  curves of bum loss as a 

cons t an t  percentage of impulsive CV. To e s t a b l i s h  some c r i t e r i o n  

f o r  determining the t h r u s t  l e v e l  (number of V i k i n g  c l a s s  inser t ior i  

engines) adequate f o r  a given AV requirement and i n i t i a l  ve igh t ,  an  

a r b i t r a r y  l i m i t  on burn l o s s  magnitude has been ass t ima.  

magnitude l i m i t  is probably a more reasonable c c n s t r a i n t  than a f ixed 

percentage of impulsive AV, s i n c e  wi th  the  f ixed percentage higher  

l o s s e s  w w l d  be allowed where h igher  b a s i c  AV l e v e l s  a l ready  e x i s t .  

On t h i s  premise, a burn l o s s  1 i=Lt of 400 m!Fec has been s e l e c t e d .  

Also, a t  t h i s  point the loss€: 3iZ i nc reas ing  r a p i d l y  f o r  small 

v a r i a t i o n s  in T/W. 

A f ixed  

From t h i s  limit, a minimun. TIU car. 5e 2.3fLned f o r   he var ious  A V  
l e v e l s ,  ana as t h n s t  is equated t n  t he  i. 2 -  3 ?a .'+-Gngine combina- 

t i o n s ,  m a x i m  i i i t i a l  weight l i m i t s  are e s t ao l i shed  f o r  e;ch conf ig-  

u ra t ion .  This  p i c t u r e  is i l l u s t r a t e d  in Figure 111-13, where t h e  

"switchover poin ts"  are r e l a t e d  t o  AV and i n i t i a l  weight .  On the  

same p l o t  can be superimposed a curve which r ep resen t s  t h e  i n i t i a l  

weight required t o  achieve some f ixed ,  des i r ed  payload weight i n  

o r b i t ,  also vary ing  wi th  AV level.  

ments of weight- in-orbi t  req  .. -ements, a nominal paylcad of 750 kg 

has been considered i n  t h i s  ysis. These assumptions then lead 

t o  the  d e f i n i t i o n  of t he  maximum i n i t i a l  weight t o  achieve t h e  d e s i r e d  

payload i n  o r b i t  app ropr i a t e  to  each engine combination, a s  f i n i t e  

burn loss is kept  under 400 m/sec. 

i n  F igure  111-13. 

t h e  one engine use  to  t h e  s i n g l e  burn AVs assoc ia t ed  with t h e  750 kg 

use fu l  weight and 2000 kg i n i t i a l  weight. 
From the  philosophy d e t a i l e d  above, a l l  rnLssion years  can be re- 

examined, no t  on the  b a s i s  of simple payload c a p a b i l i t y ,  b u t  ins tead  

wi th  the  view of de f in ing  required i n s e r t i o n  propuls ion system char-  

acter is t ics  f o r  ga in ing  a rea l i s t ic  des i r ed  payload (of 750 kg).  

Figure III-' '. 'hen r ep resen t s  a n  a l t e r n a t i v e  p i c t u r e  of porformance 

f o r  t he  Venus r ada r  mapper missions.  

i n s e r t i o n  weight requirements f o r  the  mission yea r s  and a r e  func t ions  

Based on d e t a i l e d  systems'  assess- 

The c r i t i c a l  po in t s  are c i r c l e d  

A n  a d d i t i o n a l  c o n s t r a i n t  o f  total burn time l i m i t s  

Here the  curves a r e  of pre- 
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Figure 111-14 Mission Year Performance: .'re-Insert ion Weight Requirements 

f o r  750 kg Useful Weight with Varying Eccentr ic i ty  
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of a r r i v a l  Vhp, d e s i r e d  o r b i t  e c c e n t r i c i t y ,  and the  assumed 750 kg 

payload i n  o r b i t .  These i n i t i a l  weight requirements i n  t u r n  serve t o  

d e f i n e  t h e  required propuls ion  system. I n  the  f i g u r e  engine l e v e l  

"switchover points"  are ind ica t ed ,  a long  w i t h  p r o p e l l a n t  load expressed 

as a percentage a f  nominal Viking p r o p e l l a n t  tank capac i ty .  Propel- 

l a n t  load is d i r e c t l y  r e l a t e d  t o  i n i t i a l  weight when payload weight 

i s  f i x e d ,  and is a l s o  a func t ion  of t h e  p r o p e l l a n t  i n e r t  weight a lgo-  

r i t hm assumed -- here,  

PROPELLANT INERTS = 130 kg + 0.135 * PROPELLANT LOAD (111-1) 

The cross-hatched r eg ion  i n d i c a t e s  l i m i t s  t o  p r e - i n s e r t i o n  weight 

which d e r i v e  from the  c a p a b i l i t y  of T i t a n  I I I E k e n t a u r ,  based on the  

launch energy (C ) a s s o c i a t e d  wi th  each mission. 3 
For an o r b i t  of  0.5 e c c e n t r i c i t y  a l l  miss ion  yea r s  can achieve 

t h e  d e s i r e d  i n s e r t e d  payload wi th  an i n s e r t i o n  propuls ion  system of  3 

engines ,  and wi th  p r o p e l l a n t  requirements ranging Z r o m  a nominal 

Viking tankage s i t u a t i o n  i n  1983 and 1984 t o  a 60% growth i n  1986. 

With an e c c e n t r i c i t y  of 0.3, given t h e  same range of propuls ion  con- 

f i g u r a t i o n  and s t r e t c h ,  missions i n  1986 and 1988 would be u n a t t a i n -  

a b l e  from launch energy l i m i t s ,  whi le  the  1984 Type I t r a j e c t o r y  

would need 4 engines,  For o r b i t  e c c e n t r i c i t y  below 0.2, n e a r l y  a l l  

years  r e q u i r e  a h igher  perfornnance l n s e r t i o n  system and much l a r g e r  

p r o p e l l a n t  a l l o c a t i o n s  w i t h  T i t a n  I I IE/Centaur  as the launch v e h i c l e .  

__ __ ~ _. _ _ ~  

Current i n d i c a t i o n s  po in t  t o  t h e  3-engine conf igu ra t ion  as work- 

a b l e ,  and although a 60% growth i n  t h e  nominal Viking tankage is  

s i g n i f i c a n t ,  the primary conclus ion  t o  be drawn from t h i s  a n a l y s i s  

i s  t h e  attractiveness of  t h e  0.5 o r b i t  f o r  ou r  r e f e r e n c e  mapping o r b i t  

design.  Under the  s e c t i o n  Spacec ra f t  Systems, Volume 111, the supe- 

r i o r i t y  of the  3-engine conf igu ra t ion ,  a g a i n s t  e i t h e r  the 2 or 4 

engine systems, is d iscussed  i n  terms of i t s  value a s  the  s implest  

mechanizstion growth a l t e r n a t i v e  f o r  s tandard Viking i n s e r t i o n  pro- 

pu l s ion .  
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Encounter G e e  tr i es 

Examination of t h e  p l a n e t / t r a j e c t o r y  geometries a t  Venus encounter 

was e s s e n t i a l  t o  t h e  development of what degree o r b i t  des ign  could be 

divorced from dependency on mission year .  The determinat ion of those 

parameters which were s i g n i f i c a n t l y  v a r i a b l e  w i t h  mission opportuni ty  

would i n d i c a t e  t h e  range of op t ions  and s i t u a t i o n s  which the  a n a l y s i s  

would have t o  t rea t .  

I n  Figure 111-15 are i l l u s t r a t s o  i y p i c a l  o r i e n t a t i o n s  wi th  r e spec t  

t o  Venus of t h e  Earth,  Sun, Vhp vec to r ,  and subpe r i aps i s  locus f o r  a l l  

considered mission years .  S p e c i f i c  ang le s  are t abu le t ed  i n  Table 

111-2. 

f o r  a l l  cases i n  the  plane of t h e  e c l i p t i c .  The Vhp vec to r  is gen- 

e r a l l y  d i r e c t e d  opposi te  t h e  E a r t h  v e c t o r ,  implying o r b i t  i n s e r t i o n  

ou t  of Ea r th  view f o r  a l l  cases. I n  a d d i t i o n ,  t h e  o r i e n t a t i o n  of the  

Ea r th  vec to r  w i th  r e s p e c t  t o  t h e  Sun is n e a r l y  cons t an t ,  ranging only 

between 90" and 110" Eas t  of t h e  Sun f o r  a l l  missions.  The recur-  

rence of t h i s  same b a s i c  geometry i n  the  e c l i p t i c  has imp l i ca t ions  

of s i m i l a r i t y  fo; o c c u l t a t i o n  c h a r a c t e r i s t i c s ,  o r b i t  s t a b i l  -y, power 

p r o f i l e s ,  comnunications schedules  and thermal load, and suppor t s  a 

gene ra l  independence of these  parameters from launch year and t ra -  

j e c t o r y  type.  

Of immediate note is a gene ra l  s i m i l a r i t y  o f  a r r i v a l  geometry 

The only s i g n i f i c a n t  v a r i a t i o n s  of the  a r r i v a l  p i c t u r e  involve 

the Vhp vec to r .  S p e c i f i c a l l y ,  both the  magnitude and d e c l i n a t i o n  of 

Vhp e x h i b i t  s u b s t a n t i a l  v a r i a t i o n  and mission dependency. Vhp magni- 

tude v a r i e s  from values  under 3 km/sec f o r  1983 and 1984 missions,  t o  

a maximum near 5 km/sec f o r  1986, as shown by Figure 111-16. 

cond i t ion  has a s t rong ,  d i r e c t  inf luence on o r b i t  i n s e r t i o n  AV 

requirements, s i n c e  a s  hyperbolic excess  v e l o c i t y  a t  a r r i v a l  i nc reases ,  

more energy must be removed from t h e  t r a j e c t o r y  t o  t r a n s f e r  i n t o  

o r b i t .  

(South) f o r  1986 t o  +40" (North) i n  1988. 

This 

Vhp d e c l i n a t i o n  a l s o  v a r i e s  considerably,  ranging from -40" 

The d e c l i n a t i o n  range i s  
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Days From Insertion 

igure 111-17 
Polar Orbit  Stabi 1 i ty 
for-  0.8 Eccentr ic i ty  

Figure 111-18 

Polar Orb i t  Stabi 1 i ty 
f o r  Varying Eccentr ic i ty  
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a n  important determinant of the locus of poss ib l e  o r b i t  o r i e n t a t i o n s  

and p e r i a p s i s  l o c a t i o n s ,  and w i l i  be addressed i n  d e t a i l  i n  a l a t e r  

subsect ion.  I n  b r i e f ,  i t  allows f o r  po la r  o r b i t s  a nominal place-  

ment of p e r i a p s i s  a t  almost any l a t i t u d e  when the  e n t i r e  s e t  of 

oppor tun i t i e s  du r ing  t h e  1980s is considered.  

O r b i t  Stabi 1 i ty 

A s  a r e s u l t  of t h e  i n d i c a t i o n  t h a t  o r b i t  s t a b i l i t y  might be rela- 

t i v e l y  independent of mission opportuni ty  due t o  encounter geometry 

s i m i l a r i t y ,  t h a t  hypothesis was f i r s t  t e s t e d  by computer a n a l y s i s  

u s ing  the " l i fe t ime" program (r;.f. 111-2) and found t o  be v a l i d .  

De ta i l ed  a n a l y s i s  of o r b i t  s t a b i l i t y  then proceeded i n  the  d i r e c t i o n  

of determining p r a c t i c a l  l i m i t s  t o  o r b i t  size ( e c c e n t r i c i t y )  given 

the  set of o r b i t  i n c l i n a t i o n s  (90" 2 15') and p e r i a p s i s  l o c a t i o n s  

(O'? 40") deemed appropr i a t e  t o  the  o r b i t i n g  mapper. 

Assumptions r e l e v a n t  t o  t h i s  a n a l y s i s  involve the  inf luence of 

va r ious  p e r t u r b a t i v e  terms on the  l i f e  of a Venus o r b i t e r .  Grav i ty  

harmonics which can be estimated f o r  Venus based on the  l i t t l e  knowl- 

edge a v a i l a b l e ,  a s  t he  52 term f o r  ob la t eness ,  appear t o  be i m i g n i f -  

i c a n t .  Higher order  harmonics remain unknown. The ex i s t ence  of 

maccons would be on ly  specu la t ive ,  c e r t a i n l y  unmodelable. Given t h i s  

s i t u a t i o n  and the  proximity of Venus t o  the  Sun, t he  dominant i n f l u -  

ence on o r b i t  s t a b i l i t y  is assumed t o  be from s o l a r  pe r tu rba t ions  on 

the  o r b i t .  

The s t a b i l i t y  a n a l y s i s  t h a t  follows has concentrated on the  char- 

a c t e r i s t i c s  of po ia r  o r b i t s ,  of both descending and ascending node 

motion near p e r i a p s i s .  Since a s ide- looking r ada r  system would 

r equ i r e  some of f -po la r  i n c l i n a t i o n  b i a s  t o  view the  a c t u a l  pole  of 

the  p l a n e t ,  i n c l i n a t i o n s  up t o  215" of f  t r u e  po la r  were examined t o  

determine whether t h e i r  s t a b i l i t y  c h a r a c t e r i s t i c s  were s u f f i c i e n t l y  

c l o s e  t o  90' i n c l i n a t i o n  t o  allow the  s impl i fy ing  po la r  o r b i t  assump- 

t i o n  t o  be made f o r  the  parametric a n a l y s i s .  Differences i n  
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p e r i a p s i s  a l t i t u d e  v a r i a t i o n  over the  240 day mission l i f e t i m e  were 

found t o  be on the o r d e r  of on ly  5 km f o r  o r b i t s  of 0.5 e c c e n t r i c i t y  

wi th  i n c l i n a t i o n  between 90°+,15", so the  da t a  presented can be 

assumed t o  hold f o r  a l l  reasonable mapping o r b i t s  considered. 

The type of i n s t a b i l i t y  which can e x i s t  f o r  a po la r  o r b i t  is  

i l l u s t r a t e d  most c l e a r l y  by Figure 111-17. This  does r ep resen t  a 

rather extreme case, for a very  high e c c e n t r i c i t y  of 0.8, b u t  shows 

the  c r u c i a l  inf luence of p e r i a p s i s  l a c a t i o n  i n  l a t i t u d e .  Th i s  case  

corresponds t o  p e r i a p s i s  near  t he  o - b i t  ascending node. I f  p e r i a p s i s  

is located on o r  near the  p l a n e t  equator  (again i n  the  Venus o r b i t  

plane system) v a r i a t i o n  i n  p e r i a p s i s  a l t i t u d e  is minimal over t h e  

l i f e  of t h e  mission. A s  p e r i a p s i s  is located much o f f  t he  equator ,  

however, t h e  a l t i t u d e  v a r i a t i o n  becomes s i g n i f i c a n t .  A l o c a t i o n  a t  

on ly  20"s causes the  i n i t i a l  p e r i a p s i s  a l t i t u d e  of 400 km t o  grow t o  

800 km i n  250 days,  while a l o c a t i o n  a t  20"N r e s u l t s  i n  e n t r y  i n t o  

the  s e n s i b l e  Venus atmosphere only 140 days a f t e r  i n s e r t i o n ,  w i th  

impact soon following. Locations f u r t h e r  removed from the  equator  

tend t o  aggravate the  vari .ation, although the  amount of t he  increased 

v a r i a t i o n  is not as l i r g e  a t  the  higher  l a t i t u d e s ,  as seen  by the  

d i f f e r e n c e s  between the  40' and 20" curves of Figure 1 1 1 - 1 7 .  I f  

p e r i a p s i s  were near  the  descending node of t he  o r b i t ,  the  curves  

would reverse  f o r  p o s i t i v e  and negat ive l a t i t u d e s .  That i s ,  wi th  

ascending node motion about p e r i a p s i s ,  a s  is the case  i n  these  

f i g u r e s ,  a Northern p e r i a p s i s  causes a l t i t u d e  decay. With descending 

node TotLon about per ia ' j s i s ,  the  same northern l o c a t i o n  would cause 

p e r i a p s i s  growth a t  about the  same r a t e .  To s u m a r i z e  t h i s  e f f e c t ,  

p e r i a p s i s  a l t i t u d e  i n  po la r  o r b i t  decays f o r  a northern p e r i a p s i s  

when nea res t  t he  ascending node, and f o r  a southern p e r i a p s i s  when 

nea res t  the  descending node. To avoid a l t i t u d e  decay then ,  ascend- 

ing  node missions should seek a southern p e r i a p s i s ,  and descending 

node missions a northern p e r i a p s i s .  
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Of primary i n t e r e s t  t o  t h e  mission parametric t r ades  is  t h e  

e f f e c t  of e c c e n t r i c i t y  on t h i s  po la r  o r b i t  s t a b i l i t y  p i c t u r e .  

Figure 111-17 i l l u s t r a t e d  an extreme s i t u a t i o n  f o r  0.8 e c c e n t r i c i t y .  

I n  Figure 111-18 the  maximum v a r i a t i o n  i n  p e r i a p s i s  a l t i t u d e  i s .  
shown varying wi th  e c c e n t r i c i t y ,  w i th  p e r i e p s i s  l a t i t u d e  a f i e l d  

parameter, again consider ing asce-ding node motion about p e r i a p s i s .  

From t h i s  view, o r b i t  s t a b i l i t y  becomes much less of a problem i f  

e c c e n t r i c i t y  can be  kep t  below about 0.6. 

the v a r i a t i o n  is no more tb?n 50 t o  60 km even wi th  p e r i a p s i s  a t  

+40°, and t h i s  would r equ i r e  two o r t i t  t r i m s  of 5 m/sec each t o  hold 

wi th in  a 10 km deadband around the  n m , p a l  400 km a l t i t u d e .  For 

eccentricities of 0.4 or less t h e  v a r i a t i o n  becomes n e g l i g i b l e  f o r  

the  o r b i t a l  mapper, and o r b i t  trims could no doubt be ignored f o r  

t hese  o r b i t  s i z e s .  

A t  an e c c e n t r i c i t y  of 0.5 

To stmmarize, an e c c e n t r i c i t y  of 0.6 f o r  a p l a r  orbLt mission 

r ep resen t s  a pr0babl.e upper l i m i t  f o r  manageable o r b i t  s t a b i l i t y  

c h a r a c t e r i s t i c s .  Lesser e c c e n t r i c i t i e s  y i e l d  inc reas ing ly  more 
s t a b l e  o r b i t s ,  while o r b i t  eccentricities above 0.6 tend t o  becane 

unstable  exponent ia l ly .  A t  these higher e c c e n t r i c i t i e s  the loca t ion  

of p e r i a p s i s  off t he  equator  determines the degree of i n s t a b i l i t y .  

Orbit Orientation Possibilities 

For each a r r i v a l  d a t e  and Vhp vec to r ,  of each launch/, :r ival  d a t e  

s e t ,  f o r  a l l  considered missions,  t l -c re  e x i s t s  a set of o r b i t  i n c l i -  

na t ion -pe r i aps i s  l a t i t u d e  combinations which can be achieved under 

the  assumption of nominal coplanar t r a n s f e r  i n t o  o r b i t .  The bet is  

derived from r o t a t i o n  of the Vhp vec to r  360' about the  p l ane t  i n  the  

"aim plane" when the  t r a j e c t o r y  is t a rge ted  t o  s p e c i f i c  a r r i v a l  con- 

d i t i o n s .  

a s  subpe r i aps i s  locus .  

i n c l i n a t i o n ,  f o o t b a l l  shaped curves a t e  obtained which i l l u s t r a t e  

o r b i t  o r i e n t a t i o n  possib I i t i e s .  

The r e s u l t i n g  curve of p e r i a p s i s  l o c a t i o n  is r e f e r r e d  t o  

When p lo t t ed  a g a i n s t  t he  corresponding o r h f t  

Figure 111-19 shows these 2z:tl- 
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b i l i t i e s  f o r  a 1983 Type I mission where t z c h  f o o t b a l l  r ep resen t s  

o r b i t  o r i e n t a t i o n  l o c i  f o r  the appropr i a t e  l aunch /a r r iva l  d a t e  s e t  

a t  t he  beginning, midpoint, and end of a 20-day lailnch window 

defined f o r  t he  mission. 

From Figure 111-19 i t  can be observed t h a t  i f  only po la r  o r b i t s  

a r e  considered ( i  = go") ,  t he re  e x i s t s  a double-valued Ber i aps i s  

l a t i t u d e  s o l u t i o n  f o r  nominal i n s e r t i o n ,  corresponding t o  northern 

and southern loca t ions ,  and these s o l u t i o n s  can s h i f t  considerably 

over the  launch window. This  s h i f t  is  d i r e c t l y  t h e  r e s u l t  of va r -  

i a t i o n s  i n  Vhp vec to r  d e c l i n a t i o n  a l r eady  discussed.  Northern p e r i -  

a p s i s  l oca t ions  correspond i n  a l l  considered cases  t o  p e r i a p s i s  near 

the  o r b i t  descending node, w i th  southern s o l u t i o n s  corresponding t o  

a n  ascending node p e r i a p s i s .  

on o r b i t  s t a b i l i t y ,  the  s i t u a t i o r .  y i e l d s  f o r  a l l  ca ses  the d e s i r a b l e  

f e a t u r e  of p e r i a p s i s  growth r a t h e r  than decay. 

Referr ing back t o  the  preceding s e c t i o n  

I n  Figure 111-20 a r e  i l l u s t r a t e d  t:w p c r i a p s i s  l a t i t u d e  solu- 

t i o n s  f o r  po la r  o r b i t s ,  f o r  each mission opportuni ty ,  as  these S O ~ J -  

t i o n s  vary over the launch window appropr i a t e  f o r  each mission. The 

curves i n d i c a t e  f i r s t  of a l l  t h a t  i n  consider ing the  set  of a l l  Venus 

o p p o r t u n i t i e s  during the  1980s, p e r i a p s i s  coul-l be placed almost any- 

where over the  Venusian s u r f a c e ,  from near t he  South Pole i n  1986 t o  

the  North Pole i n  1988, w i t h  po in t s  i n  between f o r  o t h e r  yea r s .  The 

second b i t  of information which can be der ived from the f i g u r e  is 

t h e  amount of a p s i d a l  r o t a t i o n  which nay be requi r .  o ? lace  p e r i -  

a p s i s  a t  some spec i f i ed  l a t i t u d e  f o r  each opFortuni*.  , One proGriLt 

of t h i s  view is a c r i t e r i a  based on i n s e r t i o n  propulcion l imi t s ,  

for selecting t h e  o r b i t a l  s ense  (motior) at p e r i a p s i s ,  e i t h e r  ascend- 
i ng  o r  descending. To i l l u s t r a t e ,  i f  pe--aps!s were designed for 

an  e q u a t o r i a l  l o c a t i o n  i n  1984 (Type I),  t h e  optimal choice would 

be ascending node morion, s i n c e  t h i s  would aominally b r i n g  pe r i ap  A 

bezween 8' t o  20' of t' equa to r .  DescendLng o r b i t  motion couic; 



111-?S 



111-31 

place p e r i a p s i s  a t  l a t i t u d e s  ranging from 50" t o  75" north,  r equ i r -  

t n g  a n  tinacceptably l a r g e  a p s i d a l  s h i f t  maneuver t o  r e l o c a t e  p e r i -  

a p s i s .  

a p s i s ,  missions i n  1984 and 1988 would p r e f e r  ascending motion a t  

p e r i a p s i s ,  while descending motion would be appropr i a t e  i n  1983, 

1986, and 1989. O f  course,  f o r  p e r i a p s i s  l o c a t i o n s  a t  o t h e r  speci-  

f i e d  l a t i t u d e s  each mission would have t o  be assessed ind iv idua l ly ,  

w i t h  t h e  a i d  of the  curves of Figure 111-20, to  determine the  most 

I f  the  nominal des ign  were a c t u a l l y  f o r  an  e q u a t o r i a l  p e r i -  

e f f i c i e n t  node which g a i n s  the  des i r ed  l o c a t i o n  w i t h  least  a p s i d a l  

s h i f t .  

For much o f  t he  mission a n a l y s i s  s tudy,  s p e c i f i c a l l y  f o r  t he  

assessment af performance c h a r a c t e r i s t i c s ,  a nominal s h i f t  capa- 

b i l i t y  of 20* has been s e l e c t e d .  Th i s  is chosen as a mean value 

which alLows access to  most of t h e  d e s i r a b l e  l a t i t u d e  r eg ions  for 

most of t he  mission oppor tun i t i e s ,  y e t  is not a n  unmanageable s h i f t  

from a n  o r b i t  i n s e r t i o n  view. 

+Zoo, - or 40°, spread around the  nominal p e r i a p s i s  l o c a t i o n  for p o l a r  

o r b i t s ,  so vhere p e r i a p s i s  is not cons t r a ined  t o  a p a r t i c u l a r  hemi- 

sphere,  a high degree of f l e x i b i l i t y  i n  p e r i a p s i s  l a t i t u d e  placement 

u s u a l l y  ex i s t s .  Exceptions do occur for t h e  1986 and 1988 oppor- 

t u n i t i e s ,  where the  double-valued p e r i a p s i s  s o l u t i o n  f a l l s  near a 

po le ,  and near t he  equator .  

o f  20' leaves inaccess ib l e  the  regions a t  mid-tat-,ixdes (around 45"). 

The amount of t h i s  s h i f t  provides  a 

For these cases an  a p s i d a l  s h i f t  l i m i t  

The e f f e c t  of launch window s i z e  on these  s h i f t  requirements can 

a l s o  be determined from Figure 111-20. With 20-day vindows, the  

extremes of nominal p e r i a p s i s  l a t i t u d e  must be considered, as  b e s t  

i l l u s t r a t e d  by the 1983 Type I mission. For t h i s  case the  l a t i t u d e  

p o s s i b i l i t i e s  vary betdeen 50° and 10' i n  the  north,  and 1 5 O  t o  55" 

i n  the  south.  Obviously, i f  the  considered Kinaow were redtcell t o  

10 days,  f o r  example, t he  extremes are t runcated end the  l a t i t u d e  

v a r i a t i o n  diminished. The reverse  s i t u a t i o n  arises with longer  

launch windows. 
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I n  sunmmry, the  curves of Figure 111-20 serve to  ind ica t e  areas 

m o s t  access,ble f o r  p e r i a p s i s  l o c a t i o n  wi th  each mission, and the  

degree of aps ida l  s h i f t  tieeded to  locate periapsis somewhere o t h e r  

than its nominal l a t i t u d e .  I l l u s t r a t e d  ‘,n Figure 111-21 is a typ i -  

cal o r i e n t a t i o n  for a polar mapping orbi t ,  with 0.5 e c c e n t r i c i t y .  

In t h i s  case p e r i a p s i s  has been s h i f t e d  off the  s t ibperiapsis  locus  

f o r  placement over t h e  equator ,  w i t h  r ada r  map’. C .  2 G ” .  

Surface Coverage Potential - 
Surface coverage is pr imar i ly  a func t ion  of the  p a r t i c u l a r  radar  

system considered,  and its l i m i t a t i o n s .  As has beeq previous ly  

addressed, access to  100% of t h e  Venus su r fece  is r e a d i l y  a v a i l a b l e  

through the  des ign  of po lar  o r  near-polar o r b i t s ,  i n  combination 

wi th  a mission l i fe  of a t  least 243 days t o  a l low one complete ro t a -  

t i o n  of t he  p l ane t  under the  mapping o r b i t .  Since t h e  c i r c u l a r  

o r b i t  is not  t he  most economical s o l u t i o n  to  the  problem of  increased 

range due t o  t h e  a s soc ia t ed  high i n s e r t i o n  propuls ion requirements,  

the  e c c e n t r i c  o r b i t  in f luence  on r ada r  mapping s t r a t e g y  and su r face  

coverage l i m i t a t i o n s  must be considered.  

from t h e  increased range, hence increased power and ambiguity prob- 

lems, as t r u e  anomaly increases  i n  an  e c c e n t r i c  o r b i t .  E s s e n t i a l l y  

these  l i m i t s  show themselves f o r  a f ixed  s ide- look ang le  r ada r  i n  

bounds on the  spread of t r u e  anomaly through which t h e  r ada r  sy- ern 

L In opera te ,  and t h i s  spread decreases  wi th  increased e c c e n t r i c i t y  

as radar  range versus  true anomaiy inc reases  wi th  e c c e n t r i c i t y .  

Radar mapping l i m i t s  a r i s e  

Where r ada r  mapping is l imi ted  t o  a t r u e  anomaly spread less 

than 29Oo, two a l t e r n a t i v e  s t r a t e g i e s  are a v a i l a b l e  which determine 

the  des i r ed  loca t ion  of per i aps i s .  If a balanLed t reatment  of both 

hemispheres is t c  be obtained,  t he  mapping m a t h  should be centered 

around the equator  arid p e r i a p s i s  would be loc.-ited t h e r e .  

i t  is more d e s i r a b l e  t o  map e t  least  one pole ,  a s  ind ica ted  by t h e  

sc ience  a n a l y s i s ,  p e r i a p s i s  must be o f f s e t  s u f f i c i e n t l y  t o  a l low 

I f  ins tead  
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extens ion  of the  swath up t o  p o l a r  l a t i t u d e s .  

t r u c  anomaly l i m i t  of  f6Oo, a balanced t reatment  would correspcnd t o  

p e r i a p s i s  of t h e  equator ,  mapping t60' i n  l a t i t u d e .  

ment would r e q u i r e  l o c a t i n g  p e r i a p s i s  a t  a l a t i t u d e  of 30" wi th  map- 

p ing  l a t i t u d e s  then ranging -30" t o  90'. 

For example, given a 

The polar  t reat-  

These two strategies y i e l d  somewhat  d i f f e r e n t  p o t e n t i a l s  f o r  t h e  

amount of su r face  a c t u a l l y  mapped. 

for var ious  mapping limits and strategies are sumsarized i n  Table 

111-3, wi th  percentages of t o t a l  p l a n e t  coverage l i s t e d  f o r  each. 

For c m t i g u o u s  and overlapping coverage from subsequent mapping 

passes  the  radar  must be designed t o  t h e  appropr i a t e  beamuidth that 

achieves t h e  spec i f i ed  overlap.  This  des ign  is a func t ion  of o r b i t  

spacing ( o r b i t  size) and mapping frequency for each o r b i t  considered,  

and is t r e a t e d  i n  de ... in a major s e c t i o n  devoted to  r ada r  and 

antenna systems des ign  i n  Volume 111. 

The r e s u l t i n g  coverage p o t e n t i a l s  

La t it ude s 
-99" t o  90' 

-60' t o  90" 

-40' to  90' 

-20' t o  90' 

Tab1 e I 11-3 Surface Coverage 
(Fixed Side Look 

X Surface 

100 .o 
93.3 
82.2 

67.1 

Mapping 
True A n o a l p  

Range - 
+_goa 

+ - 75' 

+55" - 
265' 

La t i tudes  

-90" t o  90' 

-75' t o  75" 

-65' t o  65' 

-55' t o  55' 

Equator ia l  Balance 

1. Surface 

100.0 

96.6 

90.6 

82 .O 

- Occul t a t  i on Characteristics 

Occul ta t ion  h i s t o r i e s  i n  p o l a r  o r b i t  hav- been generated t o  f a -  

c i l i t a t e  those system t r a d e s  which a r e  c l o s e l y  r e l a t e d  t o  Sun and 

Earth shadow times. These system design t r a d e s  include d e f i n i t i o n  

of mission t imel ines ,  power p r o f i l e s ,  thermal load assessment,  and 

the  d e f i n i t i o n  of schedules f o r  conmunications and d a t a  handling. 
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Figures  111-22, 23, and 24 i l l u s t r a t e  c h a r a c t e r i s t i c  o c c u l t a t i o n s  

f o r  o r b i t s  0, 0.3, and 0.5 e c c e n t r i c i t y  with p e r i a p s i s  l oca t ed  at t h e  

equator  and a t  a n  a l t i t u d e  02 400 km. 

i n a t i o n  of encounter geometry, o r b i t  i n s e r t i o n  a t  p e r i a p s i s  occurs  

o u t  of Ea r th  view. Soon a f te r  i n s e r t i o n  periapsis b?gins  a period 

of o c c u l t a t i o n  from t h e  Sun. For t h e  r ada r  mapping, i l l umina t ion  of 

t h e  s u r f a c e  under p e r i a p s i s  does not  have the  same relevance a s  i t  

would iqr photcgraphic o r  t e l e v i s i o n  mapping, bu t  s o l a r  o c c u l t a t i o n  

does have an  in f luence  on thermal and power p r o f i l e s .  Midway i n t o  

the  o r b i t e r  mission apoapsis  passes through Earth shadow, and 33 

days la ter ,  through the  Sun shadow. Th i s  per iod r e p r e s e n t s  maximum 

per  o r b i t  o c c u i t a t i o n s  w i t h  which t h e  s p a c e c r a f t  must contend. The 

d u r a t i o n  of these  maximnun o c c u l t a t i o n s  is presented i n  Figure 111-25 

f o r  varying e c c e n t r i c i t y ,  shown as to ta l  hours occul ted pe r  o r b i t  

and 7i of o r b i t  per iod.  

o c c u l t a t i o n  t i m e  per  o r b i t  i nc reases  w i t h  increased e c c e n t r i c i t y ,  

t ne  percent  of the  o r b i t  per iod spen t  i n  o c c u l t a t i o n  a c t u a l l y  de- 

creases, r ep resen t ing  a n e t  decrease i n  to ta l  o c c u l t a t i o n  t i m e  over 

t he  mission du ra t ion .  

As was indicated by the  exam- 

As i nd ica t ed  by t he  two curves,  a l though t h e  

Figure 111-26 i l l u s t r a t e s  how the  o c c u l t a t i o n  p i c t u r e  v a r i c :  

when p e r i a p s i s  is  located off t h e  equator-- in  t h i s  case, a t  -35 
f o r  a 0.5 e c c e n t r i c i t y .  

t i o n  is t h a t  of i nc reas ing  the  d u r a t i o n  of nea r -pe r i aps i s  o c c u l t a t i o n .  

This  s i t u a t i o n  is sumnarized by Figure 111-27 where maximum p e r i a p s i s  

and apoapsis  o c c u l t a t i o n  times are shown varying wi th  both e c c e n t r i -  

c i t y  and p e r i a p s i s  l a t i t u d e .  The more s i g n i f i c a n t  e f fd l - t  is from 

e c c e n t r i c i t y  but  p e r i a p s i s  l a t i t u d e  becomes s i g n i f i c a n t  a t  t he  higher  

e c c e n t r i c i t i e s .  

The e f f e c t  of of f - equa to r i a l  p e r i a p s i s  loca- 

As suggested by encounter geometry s i m i l a r i t y ,  the  o c c u l t a t i o n s  

were found t o  be r e l a t i v e l y  independent of mission opportuni ty .  It 

was observed t h a t  over the  set  of a l l  1980s o p p o r t u n i t i e s ,  t h e  
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t iming of t he  o v e r a l l  o c c u l t a t i o n  p a t t e r n  might s h i f t  by +_30 days 

w i t h  r e spec t  t o  o r b i t  i n s e r t i o n ,  but the r e l a t i o n s h i p  of p a r t i c u l a r  

o c c u l t a t i o n s  wi th  one another remained unchanged. I n  a i l  cases, the 

243-day mission du ra t ion  necess i t a t ed  passage tlirough both per-ods 

of maximum p e r i a p s i s  and apoapsis  occu l t a t ion .  Hence, the  impact of 

o c c u l t a t i o n  times can be reduced only by shortening t h e  mission 

du ra t ion .  

Navigation and Orbit Determination 

The missions t o  Venus i n  the  1980s have been examined t o  d c t e r -  

mine navigat ion c h a r a c t e r i s t i c s  a s soc ia t ed  wi th  t h e i r  i n t e r p l a n e t a r y  

c r u i s e  phases and t o  assess the accuracy with which o r b i t  determina- 

t i o n  can deffne the  r e s u l t a n t  o r b i t  about the  p l a n e t .  Midcourse AV 

requirements have been evaluated f o r  two of the  missions considered 

r e p r e s e n t a t i v e  of t h e  e n t i r e  set--a Type I1 t r a j e c t o r y  i n  1984, and 

a Type I t r a j e c t o r y  i n  1988. For each mission a n  Encke in t eg ra t ed  

t r a j e c t o r y ,  t a rge ted  t o  the  d e s i r e d  a r r iva l  cond i t ions ,  h a s  been 

generated t o  a l low t h e  s t a t i s t i ca l  d e f i n i t i o n  of midcourse AV and 

t r a j e c t o r y  d i s p e r s i o n s .  

mist ic  assumption of navigat ion e r r o r  l e v e l s  e x i s t e n t  i n  the  1980s. 

Nei ther  Quasi-Very-Long-Baseline Interferometry (QVLBI) t r a c k i n g  

processing,  nor charged p a r t i c l e  c a l i b r a t i o n  c a p a b i l i t y ,  have been 

assumed. Hence, equ iva len t  s t a t i o n  l o c a t i o n  e r r o r s  are s i zed  at 

4.5 m f o r  s p i n  r a d i u s ,  4.25 m f o r  Z-height,  and 5.0 m f o r  longi tude,  

a l l  one-sigma values .  Sxecution e r r o r s  f o r  the  midcourse c o r r e c t i o n s  

cozrespond t o  0.25% propor t io r l a l i t y ,  25 m/sec r e s o l u t i o n ,  and 0.5 

po in t ing  e r r o r .  E r r o r s  i n  the  Venus ephemeris have a l s o  been con- 

s i d e r e d ,  and assumed t o  be 20 km s p h e r i c a l  i n  pos i t i on .  

Both eva lua t ions  considered a somewhat p e s s i  

Fcr each mission two midcourse c o r r e c t i o n s  a r e  adequate ,  The 

f i r s t  is  executed 5 days a f t e r  launch t o  remove i n j e c t i o n  e r r o r s ,  

A second is executed 10 days p r i o r  t o  Venus a r r i v a l  t o  remove those 

t r a j e c t o r y  e r r o r s  which grow from the  execut ion of the  i n i t i a l  m i d -  

- 
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One-Sigma Encounter Errors  
Mission M/C 1 M/C 2 To ta l  AV uRp uw a i  

(mlsec) (mlsec) (m / se c) (km) (den) (den) 

1984 I1 28.54 8.00 36.54 38 0.51 0.18 

1988 I 26.53 3.47 30 .OO 112 0.42 0.64 - 

course,  and i ts  e f f e c t  i s  t h a t  of f i ne - tun ing  t h e  t r a j e c t o r y  t o  

achieve the  des i r ed  encounter condi t ions.  Table 111-4 presen t s  t he  

r e s u l t i n g  s t a t i s t i c a l  AV magnitude (mean + 3 sigma) f o r  both missions,  

a long with the  r e s u l t i n g  B-plane d i s p e r s i o n s  mapped t o  encounter.  

Table 111-4 Statistical Midcourse AV and Encounter Errors 

The r e s u l t s  of t he  a n a l y s i s  i n d i c a t e  t h a t  1) midcovrse AV r equ i r e -  

ments are about t he  s i z e  a n t i c i p a t e d  and of a menageable na tu re ,  2) 

n e i t h e r  e r r o r s  i n  p e r i a p s i s  l o c a t i o n  (uW) o r  i n c l i n a t i o n  ( u i )  are 

s i g n i f i c a n t ,  and 3) d i spe r s ions  i n  the  r a d i u s  of c l o s e s t  approach 

(aRp) ,uay be somewhat l a r g e r  than expected. 

r a d i u s  e r r o r  for 1988 Type I yields a p o t e n t i a l  d i s p e r s i o n  of 336 km, 

wnich would not be acceptable  when t a r g e t i n g  nominally t o  a n  a l t i t u d e  

of 400 km. 

Considering t h e  3-sigma 

Two techniques ex is t  which can r e c t i f y  the  problem of r a d i u s  

e r r o r .  The f i r s t  involves incorporat ion of charged p a r t i c l e  ca l i -  

b r a t i o n  i n t o  the  navigat ion process.  This  would necessitate inc lu -  

s i o n  of both X-band and S-band c a p a b i l i t y  on-board the  s p a c e c r a f t ,  

b u t  would reduce encounter d i spe r s ions  t o  about ha l f  t h e  quoted 

l e v e l s .  A second a l t e r n a t i v e  would be b i a s i n g  t h e  t r a j e c t o r y  aim- 

po in t  a t  Venus s u f f i c i e n t l y  t o  ensure t h a t  encounter r ad ius  would 

f a l l  beyond any po in t  which mignt lead t o  r ap id  a l t i t u d e  decay. 

Th i s  technique i m p l i e s  i n s e r t i o n  9 an a l t i t u d e  g r e a t e r  than t h e  

des i r ed  400 km f o r  nominal o r b i t  p e r i a p s i s ,  and 1s such necessitates 
some provCsicn f o r  a small o r b i t  t r i m  maneuver t o  be executed soon 

a f t e r  i n s e r t i o n  t o  b r i n g  p e r i a p s i s  back down t o  the  des i r ed  a l t i t u d e .  



The technique has beer. s u c c e s s f d l l y  used f o r  most of the Lunar 

O r b i t e r  missions of the l a t e  1960s and has proven f e a s i b i l i t y .  

Addit ional  s tudy  is  indicated t o  determine t h e  most appropr i a t e  

scheme f o r  our  missions.  

The considered mapping o r b i t s  have been evaluated t o  a s s e s s  

the  degree t o  which nominal o r b i t  determinat ion can d e f i n e  p o s i t i o n  

and v e l o c i t y  of t he  s p a c e c r a f t  i n  i t s  o r b i t .  Orb i t  sizes c o r r e s -  

ponding to  e = 0, 0.3, and 0.5 have been 7tudied and t h e  in -o rb i t  

u n c e r t a i n t i e s  a s soc ia t ed  wi th  each,  a f t e r  24 hours of t r ack ing ,  a r e  

l i s t e d  i n  Table 111-5. The r e s u l t s  i n d i c a t e  t h a t  although the  c i r -  

c u l a r  o r b i t  does e x h i b i t  a somewhat higher  l e v e l  of u n c e r t a i n t y  than 

the  e c c e n t r i c  o r b i t s ,  i n  u and o 

One-sigma errcrs range from 25 m t o  17 m i n  r a d i u s  ( a l t i t u d e )  f o r  

a l l  o r b i t s ,  w i th  v e l o c i t y  u n c e r t a i n t y  between 8 and 3 m/sec a s  eccen- 

t r i c i t y  increases t o  0.5. None of the observed error magnitudes sug- 

g e s t s  any impairment of the  b a s i c  mapping c a p a b i l i t y ,  and a l l  are of 

a manageable nature.  

t h e  d i f f e r e n c e  i s  minimal. VEL ’ RAD 

Table 111-5 Orbi t  D&ermination Accuracy, In -Orbi t  Errors 

(N) 
POS VEL U RAD e U 

0 25 m 2.14 km 8.18 m/sec 

0.3 20 m 2.54 km 5.63 m/sec 

0.5 17 m 1.60 km 2.8i m/sec 
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EVOLUTION OF LIMITING CRITERIA 

Orbi t  Orientation 

For the  r a d a r  mapper mission design t o  y i e l d  access  t o  the ei-tlire 

p l a n e t ,  from pole  t o  pole,  a n  o r b i t  i n c l i n a t i o n  very near po la r  is 

e s s e n t i a l .  

which would p r o h i b i t  t h i s  design.  Location of p e r i a p s i s  i n  l a t i t u d e  

was, however, found t o  be l imi t ed  f o r  each opportuni ty  t o  a range 

determined by the  Vhp d e c l i n a t i o n  range unique t o  the  l a u n c h / a r r i v a l  

d a t e s  of tne a s soc ia t ed  launch window. Since unlimited c a p a b i l i t y  

f o r  a p s i d a l  s h i f t  cannot be assumed, p e r i a p s i s  l a t i t u d e  is t he re fo re  

s u b j e c t  t o  propuls ion system l i m i t s ,  and so has been constrained t o  

a maximum s h i f t  of 520' from its nominal l o c a t i o n  on the  subpe r i -  

Rpsjs locus.  S t i l l ,  given the  doubled-valued nature  of the  subperi-  

aoeiv locus f o r  po la r  o r b i t  i n c l i n a t i o n ,  i n  c m b r n a t i o n  wi th  a 20' 

a ,*s ida l  s h i f t ,  most reasonable des ign  l a t i t u d e s  can be reached (or  

nea r ly  reached) i f  t he  l o c a t i o n  d e s i r e d  is not r e s t r i c t e d  t o  a 

s p e c i f i c  hemisphere (no r th  o r  south) .  A consequence of t h i s  s i t u a -  

t i o n  is t h a t  where a p a r t i c u l a r  hemisphere s p e c i f i e d ,  t he  o r b i t a l  

motion a t  p e r i a p s i s  is a l s o  specif ied--ascending motion t o  g a i n  a 
sou the rn  p e r i a p s i s ,  descending motion t o  gain a northern p e r i a p s i s .  

A s  w i l l  be addressed i n  the  next s e c t i o n ,  high p e r i a p s i s  l a t i t u d e  

l o c a t i o n s  do impose l i m i t s  CE t h o i r  own on o r b i t  s ize  when cons.id- 

e r i n g  h igh ly  e c c e n t r i c  o r b i t s ,  and se rve  t o  produce i n s t a b i l i t i e s  

in p e r i a p s i s  a l t i t u d e .  

No compelling reasons have been d i sc losed  by t h i s  s tudy 

Limit ing c r i t e r i a  s p e c i f ' x a l l y  d e r i v i n g  from o r  r e l a t e d  t o  o r b i t  

o r i e n t a t i o n ,  then, can bc sumnarized as 1) a mission year  dependent 

r e s t r i c t i o n  on the  p e r i q s i s  l a t i t u d e s  wSich can be achieved, 2) a 

p o t e n t i a l  dete.A.nant of a p s i d a l  , shif t  r e q u i r e a n t s ,  3) a determinant 

of o r b i t  motion a t  p e r i a p s i s  when the  hemisphere of p e r i a p s i s  l a t i -  

tude is s p e c i f i e d ,  and 4) 9 r e s t r i c t i o n  d e r i v i n g  from o r b i t  s t a b i l i t y  

f o r  o r b i t s  of higher  e c c e n t r i c i t i e s .  



111-43 

Orb i t  Eccent r i c i t y  

E c c e n t r i c i t y  of t h t  .napping o r b i t  has been considered a p r i n c i -  

p a l  mission parametric and is involved i n  almost 011 of the  mission 

t r a d e s .  Its primary r o l e  as a ? i m i t i n g  c r i t e r i o n  t o  mission design 

involves e s t a b l i s h i n g  upper and love r  bcunds on t h e  range of o r b i t  

s i z c s  t h a t  can reasonably be con: - . red.  

A lower bound is formed by the cons ide ra t ion  of var ious perform- 

ance system c h a r a c i e r l s t i c s  f o r  t+e Venus missions.  If only the 

in j ec t ed  weight c a p a b i l i t y  of T i t a n  II:E/Centaur were of concern, 

t h e  lower l i m i t  t o  o r b i t  s i z e  wauld rax-ge f x m  around e = 0.2 i n  1483 
and 1984, t o  e = 0.4 i n  1988, f o r  p e r i a p s i s  a l t i t u d e  equal  t o  400 km. 

But when th t .  cons ide ra t ion  of holding t o  r e a l i s t i c  growth of e x i s t -  

ing Viking o r b i t  i n s e r t i o n  propuls ion is involved, allowing up t o  

a 3-engine c m f i g u r a t i o n  and 60% inc rease  i n  tank s i z e ,  the  lower 

bound then ranges between 0.3 and 0.5 e c c e n t r i c i t y  over  t h e  same 
range of mission years.  

The upper bound on o r b i t  s i z e  has been e s t a b l i s h e d  by cons ide r ing  

o r b i t  i n s t a b i l i t i e s .  It was found t h a t  f o r  e c c e n t r i c i t i e s  g r e a t e r  

than about 0.6, p e r i a p s i s  v a r i a t i o n  becomes unmanageable when coupled 

wi th  p e r i a p s i s  l o c a t i m s  a t  l a t i t u d e s  much removed from the  equa to r .  

Since i t  w i l l  not always be poss ib l e ,  o r  d e s i r a b l e  t c  achieve an 

equatorial .  p e r i a p s i s ,  t h e  e c c e n t r i c i t y  of 0.6 e f f e c t i v e l y  becomes t h e  

upper bou d €or  po la r  o r b i t s .  

I n d i r e c t l y  a s  -1 l i m i t i 3 g  c r i t e r i o n ,  e c c e n t r i c i t y  a l s o  has i m p l i -  

c a t i o n s  f o r  the  design of the  r a d a r  mapping system, mapping s t r a t e g y ,  

power p r o f i l e s ,  end communications scheduling. But here i t  is  a 

case of t a i l o r i n g  these des tgcs  t o  achieve the optimal maDpinq per- 

Eormance g i v e r  the  o r b i t  spacing, radar  range, and power requirements 

a s soc ia t ed  w i t h  t h e  p a r t i c u l c r  o r b i t  s i z e ,  

Where higher  performance launch and o r b i t  i - r t i o n  'jstems be- 

come f e a s i b l e  a l t e r n p t i v e s ,  :'UC;I a s  Shuttiz/Cer,taut arid space s t o r -  
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ab ie s ,  the  value of e c c e n t r i c i t y  as a c r i t e r i o n  f o r  s e t t i n g  the 

lwer l i m i t  t o  o r b i t  s i z e  is dimiuished, and t h e  des ign  of a c i r c u -  

l a r  mapping o r b i t  becomes very attractive.  
e f f e c t i v e ,  the c i r c u l a r  o r b i t  does serve  t o  s impl i fy  t h e  mapping 

process,  ease power requirenents ,  :nd halve the requi red  o r b i t e r  

mission du ra t ion  t o  120 days. 

I f  achievable  and c o s t  

CONCLUSIONS AND RECOmENDATIONS 

Areas o f  Concern and Future Work Emphasis 

On balance,  nothing p roh ib i t i ve  of t h e  bas i c  Venus o r b i t a l  mapper 

concept has  been d isc losed  by t h e  mission a n a l y s i s  po r t ion  of t h i s  

f e a s i b i l i t y  s tudy.  

respond t o  the  d i r e c t i o n s  i n  which f u t u r e  work should be concentrated.  

There do exis t  a few areas of concern which cor- 

F i r s t ,  t he  problem of o r b i t  i n s e r t i o n ,  given the  r e l a t i v e l y  long 
dura t ion  burns f o r  the  Vhp range a t  Venus a r r i v a l ,  has given rise t o  

high l e v e l s  of f i n i t e  burn l o s s .  

i n  t h i s  s tudy by t h e  incorporat ion of a multiple-engine propuls ion 

system, based on the  performance of s i n g l e  Viking c l a s s  o r b i t  i n se r -  

t i o n  ui.its i n  simultaneous operet ion.  This  so lu t ion  is operat ion-  

a l l y  adequate,  y e t  does  requi re  a d d i t i o n a l  weight a l l o c a t i o n  f o r  t he  

e x t r a  hardware. A l t e rna t ives  to the  simple increased propuls ion 

system perfornrance would lead t o  1) t h e  eva lua t ion  of a more o p t i -  

mally programmed a t t i t u d e  burn t o  counter  g r a v i t y  l o s s e s ,  and 2) 

t he  s tudy  of a phased i n s e r t i o n  sequence wi th  mul t ip le  burns designed 

t o  minimize f i n i t e  burn loss e f f e c t s .  

op t ions  might be weighed aga ins t  the  m l t i p l e - e n g i n e  concept i n  e f f i -  

c iency of burn l o s s  reduct ion.  

The s i t u a t i o n  has been a l l e v i a t e d  

The added complexity of both 

Secondly, t he  problem of c l o s e s t  approach r ad ius  e r r o r s  a t  Venus 

encounter must be addressed i n  g r e a t e r  d e t a i l .  Estimetes of these 

d ispers ions  show them t o  be of an unacceptable l e v e l  f o r  some of 
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tile considered c p p o r t u n i t i e s .  Options which need t o  be evaluated 

here  include the  use of aimpoint b i a s ,  which implies  provi;ion f o r  

a necessary o r b i t  t r i m  fol lawing i n s e r t i o n  t o  a d j u s t  p e r i a p s i s ,  o r  

t h e  inc lus ion  of charged p a r t i c l e  c a l i b r a t i o n  i n  the  navigat ion prc-  

cess. 

determined q u a n t i  ta t ive  1 y . 
The degree of d i s p e r s i o n  improvement f o r  each op t ion  must be 

A t h i r d  area which deserves  a t t e n t i o n  is the  continued ga the r -  

i n g  of d a t a  from a l l  a v a i l a b l e  sources  t o  d e f i n e  as w e l l  a s  poss ib l e  

s i g n i f i c a n t  Venus g r a v i t y  harmonics which might a f f e c t  t h e  s t a b i l i t y  

of a n  o r b i t e r .  Add i t iona l ly ,  room exists f o r  f ine- tuning the  o r b i t  

des ign  t o  y i e l d  the  optimal mission from s p e c i f i c  system considera-  

t ions--specif  i c  side-look-angle programs, d a t a  handling schedules,  

and power a c q u i s i t i o n  cyc le s .  The design parametr ics  of t h i s  s tudy  

have been d i r  c t e d  toward cons ide ra t ion  of a broad range of systems, 

t o  se rve  a s  a foundat ion for evalucltin: o v e r a l l  mission/systems i n t e r -  

a c t i o n s .  

whatever system concept is u l t i m a t e l y  s e l e c t e d .  

These parametr ics  point  t he  way to  a p r e f e r r e d  design f o r  

Recomnended Design- 

The r e fe rence  o r b i t  design upon which t h e  p re fe r r ed  spacec ra f t  

con f igu ra t ion  rests is cha rac t e r i zed  by a p o l a r  (o r  near-polar) in -  

c l i n a t i o n ,  a 400 km p e r i a p s i s  a l t i t u d e ,  e c c e n t r i c i t y  of 0.5, with 
per i aps i a  near  t h e  equator .  I n c l i n a t i o n  m y  e a s i l y  be o f f s e t  up t o  

t 1 5 O  from t r u e  p o l a r  t o  g a i n  coverage of t he  po le s  without  a f f e c t i n g  

o t h e r  characteristics o f  the o r b i t .  The 0.5 e c c e n t r i c i t y  a l lows o r b i t  

i n s e r t i o n  w i t ' -  a 2 or 3 engine Viking propuls ion system i n  1983, 1984 

and 1989 keeping under a 10% growth i n  the  nominal Viking p rope l l an t  

t anks .  I n  1986 and 1988 t h r e e  engines  are s t i l l  adequate,  b u t  pro- 

p e l l a n t  tank growth may r equ i r e  up t o  a 60% inc rease .  

p e r i a p s i s  a t  t he  equator  assumes the  ex i s t ence  of a radar  system 

which is capable of mapping 590' i n  t r u e  anomaly, and t h a t  l o c a t i o n  

can be achieved f o r  a l l  mission y e a r s  w i th  an  aps ida l  s h i f t  under 

Location of 
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20". 

passes  through per iods of f u l l  o c c u l t a t i o n  a t  p e r i a p s i s  and apoapsis ,  

of both Ear th  and Sun, f o r  nuximum o c c u l t a t i o n  times of 1.2 hours 

ou t  of t he  4.487 o r b i t  per iod.  

o r  descending, is a func t ion  of mission year .  

ments f o r  t h i s  des ign  o r b i t  are minimal. 

During t h e  243-day l i f e t i m e  of the  o r b i t e r  mission, the o r b i t  

Orb i t  motion a t  p e r i a p s i s ,  ascending 

Orb i t  t r i m  requi re -  
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IV. RADAR AND ANTENNA SYSiEM 

I NTROWCTION AND ASSUMPTIONS 

The r ada r  subsystem is t h e  primary sc ience  instrument f o r  t h i s  

mission and must genera te  a high reer l lut ion topographic map of t h e  

sur face .  

least 80 percent  of t h e  su r face  a t  1 km r e s o l u t i o n  and 20 percent  

of t h e  su r face  a t  100 m r e s o l u t i o n  or b e t t e r .  

of mapping as much of t h e  su r face  as p o s s i b l e  a t  100 m r e s o l u t i o n  

is used i n  t h i s  atudy because it i s  f e l t  tnat t h i s  kind of rePo- 

l u t i o n  can be obtained with today 's  tec'mology. I n  add i t ion  t o  

t h i s  c a p a b i l i t y ,  a f i n e  r e s o l u t i o n  of 33 meters would be a v a i l a b l e  

on carmnand t o  g ive  u l t r a  high r e s o l u t i o n  p i c t u r e s  of i n t e r e s t i n g  

topographic f ea tu res .  

l imi t ed  t o  narrower swath width and s h o r t  mapping times. 

The s tudy  groundrules on t h e  r e s o l u t i o n  are t o  map a t  

A design philosophy 

The f i n e  r e s o l u t i o n  c a p a b i l i t y  may be da t a  

I n i t i a l l y  i n  t h i s  s tudy,  i t  w a s  decided t h a t  c e r t a i n  des i r ed  

c h a r a c t e r i s t i c s  would be needed i n  a Venus mapping spacec ra f t  

(S/C). These des i r ed  c h a r a c t e r i s t i c s  are expressed as design 

goa ls  shcwn below: 

U t i l i z e  continuous i n e r t i a l  re fe rence .  

Antenna designs t h a t  can be a r t i c u l a t e d .  

Point  spacec ra f t  a t  some near  i n e r t i a l  po in t .  

Complete s u r f a c e  mapping. 

Use e x i s t i n g  spacec ra f t .  

Use t he  h ighes t  r ada r  opera t ing  frequency. 

Meet launch v e h i c l e  packaging cons t r a in t s .  

Science requirements a t  minimum cos t .  

These des i r ed  C h a r a c t e r i s t i c s  w i l l  be descr ibed '  i n  d e t a i l  i n  t h e  

fol lowing paragraphs. 



IV-2 

A continuous i n e r t i a l  r e f e rence  would be des i rous  so t h a t  good 

poin t ing  information would be a v a i l a b l e  a t  a l l  times. 

very accu ra t e  poin t ing  i s  r equ i r ed  f o r  mapping and comnunication 

phases, a very accu ra t e  r e fe rence  system is needed. 

mined e a r l y  i n  t h i s  s tudy t h e  kind of system used by the  Mariner 

class of v e h i c l e  should be adequate t o  do t h e  Venus mapping mission. 

This type of system u t i l i z e s  a Sun sensor  system and a Canopus sen- 

sor t o  o r i e n t  t h e  v e h i c l e  t o  t h i s  r e fe rence  a i d  uses  s t rapped  down 

rate gyro system t o  keep t r a c k  of t h i s  r e fe rence  when e i t h e r  of 

t h e  sensors  are occul ted.  

t h e  v e h i c l e  is con t ro l l ed  by p i t c h  and yaw rate gyros; when t h e  

Canopus sensor  is occul ted ,  t h e  v e h i c l e  is con t ro l l ed  with t h e  

r o l l  rate gyros. S ince  o c c u l t a t i o n  f r m  t h e  Sun o r  Canopus is 
never more than one hour and the gyro d r i f t  rate is one-half de- 

gree per  hour, v e h i c l e  poin t ing  knowledge should be one-half de- 

gree  p lus  alignment mounting e r r o r s  about each plane. 

w i l l  l i m i t  cyc le  about t h i s  po in t ing  d i r e c t i o n .  Poin t ing  capa- 

b i l i t y  w i l l  be descr ibed i n  t h e  a t t i t u d e  con t ro l  sec t ion .  

Because 

It was de te r -  

When the  Sun sensor  system is occul ted ,  

The veh ic l e  

Antennas t h a t  can be a r t i c u l a t e d  would be a d e s i r e d  charac- 

teristic because the  spacec ra f t  can be i n e r t i a l l y  o r  nea r ly  in-  

e r t i a l l y  pointed.  For example, i n  Volume I1 conf igura t ion  A i s  

a Sun po in t ing  spacecr.ift and t h e  C-configuration is an i n e r t i a l l y  

o r i en ted  spacec ra f t  tha:  i s  c o n t r o l l e d  t o  po in t  t he  spacec ra f t  

r o l l  axis perpendicular  t o  t h e  o r b i t a l  plane. Ar t i cu la t ed  an- 

temas e l imina te  the  need f o r  spacec ra f t  maneuver, which are 

expensive i n  terms of the  ACS prope l l an t  requi red .  

As much of t he  s u r f a c e  should be mapped as p o s s i b l e  f o r  t h e  

developmentdl d o l l a r .  

is cons t ra ined  by t h e  radar subsystem power needed, PRF c o n s t r a i n t s  

and spacec ra f t  d a t a  subsystem data t ransmission c a p a b i l i t y  t o  Earth. 

The data t h a t  has t o  be t r ansmi t t ed  t o  Ear th  is a funct ion  of t h e  

r e s o l u t i o n  needed and t o t a l  mapping a r e a  requi red .  

The maxhum s u r f a c e  area that can be mapped 



IV-3 

Exis t ing  Spacecraf t  o r  modif icdt ion of e x i s t i n g  spacecraf t  were 

implemented wherever poss ib l e  i n  the  f i n a l  designs t o  save develop- 

mental  cos ts .  I n i t i a l l y  the  sp in  s t a b i l i z e d  and Che three axis 

s t a b i l i z e d  systems were compared, where the  3-axis system seemed 

t o  be t h e  easiest t o  implement with t h e  least development r i s k .  A 
f e a s i b i l i t y  s tudy would be needed t o  determifie whether a s y n t h e t i c  

ape r tu re  could be processed from the rada r  da t a  obtained from a 

spinning vehicle .  E i t h e r  t he  antenna has  t o  be mechanically or 

e l e c t r o n i c a l l y  despun o r  mapping ep icyc le s  would have t o  be pro- 

cessed t o  generate  a pseudo s y n t h e t i c  aper ture .  On the  o the r  

hand, i t  was determined e a r l y  i n  t h e  s tudy t h a t  a three-axis  

system about t he  s i z e  of t he  Mariner o r  t he  Viking Orbi te r  space- 

c r a f t  would be needed t o  do a Venus mapping mission. 

of system takes  f u l l  advantage of us ing  e x i s t i n g  equipment and 

should be the  cheapest t o  implement. For these  reasons,  t he  three-  

axis system was developed i n t o  the  f i n a l  designs.  

This type 

The h ighes t  ope ra t ing  frequency was used t o  ge t  t he  max imum 

topographic r e tu rn .  A S-band frequency with a wavelength of 10 

CUI was choser. f o r  the  base l ine  designs us ing  a s i n g l e  frequency 

because t h i s  frequency would no t  s u f f e r  l a r g e  atmospheric l o s ses  

and would minimize the  subsurface r e tu rn .  

The spacec ra f t  has t o  be packaged within the  dynamic envel- 

ope of t h e  launch vehic le .  

and the  s o l a r  panels have to f o l d  up and be  constrained t o  meet 

the  launch loads.  I n  add i t ion  t o  fo ld ing ,  sometimes the  antennas 

have t o  be deployable t o  meet packaging cons t r a in t s .  

This usua l ly  means t h a t  the  antennas 

The las t  design goal  is  obvious, maximum sc ience  r e tu rn  i s  

des i r ed  f o r  minimum cos t .  

Figure I V - 1  shows the  s i d e  looking radar  geometry needed t o  

map Venus. 

f i g u r e  and poin ts  i t s  radar  antenna bores ight  ou t  a t  a 30 degree 

The veh ic l e  i s  i n  an o r b i t  perpendicular  t n  Stis 
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s i d e  look ang le  (6) when a cons t an t  s i d e  look angle  i s  used. 

range d i r e c t i o n  is perpendicular  t o  the  o r b i t a l  plane and ?he a z i -  

muth d i r e c t i o n  is p a r a l l e l  t o  t h e  o r b i t a l  plane as shown on the  

f i g u r e .  The range' beamwidth ( P  of the  antenna i l l umina te s  a r 
swath width (W), t h a t  is a funct ion of a l t i t u d e .  When c i r c u l a r  

o r b i t s  are used, a cons tan t  swath width is generated throughout 

t h e  mapping phase, which is gene ra l ly  t h e  same as t h e  napQing 

width t h a t  is processed. 

t o  give t h  mapping coverage desired.  

Tho 

The p lane t  r o t a t e s  under t h e  s p a c e c r a f t  

When e l l i p t i c a l  o r b i t s  are used, t h e  i l l umina ted  swath width 

The i l lumi- is s i z e d  a t  p e r i a p s i s  to  g ive  t h e  des i r ed  coverage. 

na ted  swath width inc reases  many times t o  t h a t  a t  p e r i a p s i s  due 

t o  a l t i t u d e  changes, which creates range ambiguity c o n s t r a i n t  

problems f o r  the  r ada r  subsystem designer  because he has t o  guar- 

a n t e e  t h a t  range ambigui t ies  w i l l  n o t  degrade the mapping q u a l i t y  

f o r  the  wides t  swath width. This means a very low PRF must be 

s e l e c t e d  which f o r c e s  t h e  subsystem designer  t o  very l a r g e  an- 

tennas i n  t h e  azimuth d i r e c t i o n  t h a t  cannot be a r t i c u l a t e d .  

We w i l l  show how t h e  range ambiguity 2roblems i n  e l l i p t i c a l  

o r b i t s  can be solved so e l l i p t i c a l  o r b i t s  can be used f o r  mapping 

l i k e  c i r c u l a r  o r b i t s  without paying the  pLopulsion c o s t  of g e t t t n g  

i n t o  t h a t  o r b i t .  

PARAMETRIC STUDIES 

This s e c t i o n  desc r ibes  some of the  parametr ic  s t u d i e s  t h a t  

were necessary  t o  d e f i n e  t h e  f i n a l  designs.  

s t u d i e s  are independent e l ' fo r t s  and can s t and  alone.  All bu t  the  

f i r s t  four of t hese  s t u d i e s  were conducted by ERIM-Environmental 

Research ::,istitUte of Michigan--,?hich was formerly the  Willow Run 

Laborator: :.3 a t  the Un ive r s i ty  of Michigan. The following para- 

metric s t u d i e s  were conductod: 

The paramet r ic  
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1) Antenna s iz ing;  

2) Range r ' J i g u i t y  cons t ra in t  problem; 

3) Antenr.a subsystem design; 

4) Radar subsystem design; 

5 )  Powcr requirements; 

6 )  

7)  Radar systeu augmentation; 

8) Reduction of antenna size; 
9) 

10) 

11) 

Ambiguity spectrum of synthe t ic  aper ture;  

Range and azimuth ambiguity e l iminat ion for  
e l l i p t i c a l  o r b i t s ;  

Range and azimuth aper ture  dimensions f o r  
e l l i p t i c a l  o r b i t s ;  

At t i tude  control  and radar system s t a b i l i t y .  

These parametric s tud ies  are independent and s e l f - - -  tained 

s tudies  chat can stand alone. 

- Antenna S i  z i  n l  

Figure IV-2 shows how cons t ra in ts  l i m i t  t he  s ize  of the  radar 
antenna that can be used i n  a synthe t ic  aper ture  s i d e  looking 

radar. 

p a r t i a l l y  focused) t h a t  is used depends only on how the radar  

data are processed and w i l l  be discussed i n  the  Data Handling and 

Comnunications sect ion.  

is suggested f o r  t h i s  mission. 

The type of synthe t ic  aper ture  (focused, unfocused, o r  

A p a r t i a l l y  focused synthe t ic  aper ture  

The m a x i a m  s i z e  antenna that can be usgd i n  the  range direc- 

t ion  is  determined by the  beamwidth needed t o  i l luminate  the  swath 

width at. per iapsis .  

used t o  get  the  coverage necessary. 

d i rec t ion  is generally used i n  e l l i p t i c a l  o r b i t s  t o  reduce the  

power required and r e l i e v e  the  range ambiguity cons t ra in t .  

easier to guarantee that the  contr ibut ion due to range ambiguities 

w i l l  be small i f  t h e  l a rges t  poss ib le  antenna size is  used in the  

range d i rec t ion .  

This is  the  smallest beamwidth tha t  can be 

The maximum size i n  the  range 

it i s  
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In  the  azimuth d i rec t ion ,  the  s i z e  of antenna is l imited by t h e  

s i z e  that can be articdated. The a n t s m a  has to  be so b ig  in  t h i s  

d i rec t ion ,  so there  is adequate power and the  doppler ambiguity 

cons t ra ia t  can be m e t ,  which guarantees the  contr ibut ion due to 

doppler ambiguities w i l l  be -11. The upper and lover PRF con- 

s t r a i n t s  are shown in Figure IV-2 by the  i n r h u a l i t y  in  the  lover 

leEt haxld comer.  

t h a t  t he  range ambiguities content w i l l  be small and the  lover 

PBF cons t ra in t  (2V/D guarantees the  content of doppler ambi- 

gu i t i e s  w i l l  be s m a l l .  

The upper PRF constraint (C/ZWsin& guaranLees 

a 

The doppler v e l o c i t i e s  generated by linear motioc of an an- 

tenna pas t  f ixed s s r f ace  t a rge t s  can be expressed by the  following 

equation: 

where fD = doppler frequency (hi)  

V = r a d i a l  ve loc i ty  of spacecraf t  b/sec> R 
A = radar frequency wavelength (m) 

V = spacecraf t  ve loc i ty  ( d s e c )  

a = t z rge t  angle  (rad) 

Because the beanwidth is generally a small angle, t he  t a rge t  angle 

is s m a l l  and the  sanall angle approximation can be used. It can be 

proven t h a t  the  t a rge t  angle is equal t o  t he  azimuth beamwidth 

( 4 )  when the maximum change i n  the doppler frequency (Af 1 over 

the beam is required. 
D 

2v’a 2v AfD = - N- 

a A D 

KA A where Pa - - 

K = proport ional i ty  constant 

(IV-2) 

(IV-3) 

Da = azimuth dimension of antenna 

= azimuth beamwidth of antenna ’a 
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In  o r d e r  to measure t h e  sampling frequency unambiguously, two 

samples p e r  cyc le  are needed as s t a t e d  by t h e  w e l l  known sampling 

theorem. I n  a sample data s y s t a n  such as a pu l se  radar ,  t h e  

sampling theorem imposes a r e s t r i c t i o n  on t h e  minimum PRF t h a t  

can be used: 

4v 2Hv m 5 - - -  
Da Da 

( IV-4)  

I n  a c t u a l  p r a c t i c e ,  s i n c e  a l l  t h e  doppler bandwidth i s  n o t  used i n  

a p a r t i a l l y  focused s y n t h e t i c  ape r tu re ,  M may have a value of 

e i t h e r  1 or 2 depending on t h e  type of data process ing  used. 
I 

In  t h e  range d i r e c t i o n ,  the  time a v a i l a b l e  t o  map unambiguously 

is equal to  t h e  i n t e r p u l s e  pe i iod  (T), but s i n c e  t h e  pu l se  must 

t r a v e l  t o  t h e  t a r g e t  and back, the  maximum unambiguous range i s  

given by: 

C 
2(PRF) 

R = f m =  max (IV-5) 

where C = speed of l i g h t  (m/sec> 

T = i n t e r p u l s a  pe r iod  (sec)  

PRF = p u l s e  r e p i t i t i o n  frequency (€'PSI 

I n  o rde r  t o  guarantee t h a t  t h e r e  w i l l  be adequate time a v a i l a b l e  

f o r  mapping unambiguously i n  t h e  range d i r e c t i o n ,  the following 

c o n s t r a i n t  must be s a t i s f i e d .  

C C PRl?Z-=-  
2Ws i n  8 2Rmax 

(IV-6) 

where W = i l luminated swath width (m) 

0 = s i d e  look ang le  

These PRF c o n s t r a i n t s  can be used t o  d e r i v e  an area c o n s t r a i n t  as 

shown below: 

(IV-7) 2v C - < p R F _ <  -= D 2Wsine 2HPrsind a 

or where W = - 2 
COS e 
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2v hence - 5 p R F S  
Da 
4VHKrX s i n  8 

2 and 
c COS e 

.*. D D 2 r a  

2 c cos e 
2mrxs in  e 

2HKrAsinBPRF - < 2 5 DrDa 

4.8VHxS i n  0 

c cos e 

2 c cos e 

(IV-8) 

(LV-9) 

(IV- 10 1 

This is t h e  !'so ca l l ed"  area c o n s t r a i n t  that is a combination of 

t h e  upper and lower PRF c o n s t r a i n t s .  

Figure IV-3 shows t h e  various antenna c o n s t r a i n t s  for t h e  

s e l e c t e d  S-band frequency f o r  va r ious  mapping s t r a t e g i e s ,  i.e., 

f o r  some eccentricity (e = 0.5)  and mapping every t h i r d  o r b i t  (N = 

3) .  The v e r t i c a l  l i n e s  r ep resen t  range cons t r a in t s .  The swath 

width needed t o  map t h e  p l a n e t  with t h e  d e s i r e d  over lap  can be 

determined by c a l c u l a t i n g  how much the p lane t  moves under the  

spacec ra f t  dur ing  t h e  canmmicat ion and mapping phases. 

antenna must be t h i s  b i g  o r  smal le r  t o  i l l u n i n a t e  t h e  des i r ed  

mapping swath wid.th. 

curves f o r  each o r b i t a l  e c c e n t r i c i t y .  

are requi red  f o r  t h e  h igher  o r b i t a l  e c c e n t r i c i t i e s .  

g r e a t e r  than 36 km are needed gene ra l ly  t o  have time t o  g e t  t h e  

da t a  back t o  Ear th  with reasonable  s i z e d  communication antennas.  

The pa rabo l i c  design o r  t h e  antenna wi th  equal  dimensions i n  both 

d i r e c t i o n s  are a l s o  ind ica t ed  on t h i s  f i gu re .  

f i g u r e ,  long narrow antennas have to be used a t  t h i s  frequency. 

The 

The curved l i n e s  r ep resen t  area c o n s t r a i n t  

Larger azimuth dimensions 

Swath widths 

As shown on t h e  

The mapping c o n s t r a i n t s  are shown f o r  a C-band frequency ( A  = 

5 cm) i n  Figure IV-4. 
c e n t r i c i t y  is shown; i f  t h i s  f i g u r e  i s  used f o r  o t h e r  o r b i t s ,  t h e r e  

w i l l  be a d d i t i o n a l  c o n s e r v e t i m  i n  t h e  f i n a l  designs.  

frequency is  used, very narrow imprac t i ca l  an+ennas must be used 

with a propor t iona l  l o s s  of antenna gain. 

rec tangular  a p e r t u r e  can be used a t  t h i s  frequency only f o r  very 

narrow swath widths, 

The area c o n s t r a i n t  f o r  favored o r b i t a l  ec- 

I f  a C-band 

The antenna with a 
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The mapping c o n s t r a i n t s  us ing  L-band (20 cm wavelength) radar  

i s  shown i n  Figure IV-5. 
used t o  map reasonable  swath widths. Smaller azimuth dimensioned 

antennas can be used f o r  t h i s  frequency. This  frequency has less 

atmospheric loss and a more reasonable  shape antenna can be used, 

but  an S-band opera t ing  frequency was used in t h e  favored designs 

t o  m?urimize t h e  topographic r e t u r n  and minimize t h e  r e t u r n  from 

subsurface f ea tu res .  

bu t  t h e  engineer ing r i s k  is h igher  i n  terms of g e t t i n g  the  most 

topographic information about t h e  su r face  which looks l i k e  a 

c l u t t e r  t a r g e t .  

frequency poss ib l e  to reduce these  engineer ing r i s k s  unless  ground 

t r u t h  d a t a  is ava i l ab le .  

frequency would be a good s e l e c t i o n  f o r  a second frequency. 

altimeter could a l s o  use  t h i s  frequency t o  i nc rease  t h e  sc ience  

r e t u r n  in  terms of sounding t h e  su r face  and g iv ing  an  a l t i t u d e  

p r o f i l e .  Figure IV-6 shows t h e  mapping c o n s t r a i n t s  f o r  an L-band 

frequency ( A  = 40 cm). 
can be used f o r  t h i s  frequency t o  map very  wide swath widths.  

ever ,  i t  is f e l t  t h a t  t h i s  frequency i s  too  low t o  ge t  good topo- 

graphic  i n f o m a t i o n .  

The rec tangular  a p e r t u r e s  can now be 

An L-band frequency could probably be used, 

It is a good idea  t o  use t h e  h ighes t  ope ra t ing  

I n  a dual  frequency mapping r ada r ,  t h i s  

The 

Antennas with square o r  circular ape r tu re s  

How- 

Using an S-band frequency ( A  = 10 cm) and mapping every o r b i t ,  

a 36 km swath width i s  needed to  ge t  20 percent  over lap  a t  pe r i -  

aps is .  Using Figure  IV-3, an antenna range dimension of 1.75 

meters w i l l  meet the range c o n s t r a i n t ,  when a cons tan t  s i d e  look 

angle  of 30 degrees i s  used. Antenna range dimensions of 1.0,  

1.45, and 1.75 can be s e l e c t e d  f o r  t h e  o r b i t s  with t h e  e c c e n t r i c i -  

ties of 0.0, 0.3, and 0.5, 'where swath widths of 65, 44, and 36 km 

r e spec t ive ly  are r equ i r ed  t o  ge t  t h e  des i r ed  overlap.  
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Range Ambiguity Constra int  Problem 

Figure IV-7 shows how the  PRF cons t r a in t  changes as a function 

of mapping pos i t ion  f o r  the  0.5 eccen t r i c  o r b i t .  

is favored because a Viking Orbi te r  spacecraf t  with present  pro- 

pulsion capab i l i t y  can be used t o  map Venus. 

how the  lower PRF cons t r a in t  (2V/Da) va r i e s  as a function of 

mapping pos i t i on  f o r  an antenna with an azimuth dimension of 3.66 

m. The upper PRF cons t ra in t  (C/2Wsin8) f o r  a s i n g l e  beamwidth 

antenna (p, = 67.5 m a d )  s ized  a t  pe r i aps i s ,  when pe r i aps i s  is 

over the  equator, decr, .des with a l t i t u d e .  

f i gu re ,  mapping to  i30 degrees can be achieved before the  range 

ambiguities become a problem i f  a s i n g l e  beamwidth antenna is 

used. 

so lu t ion  t o  the  ambiguity problem, was eliminated in the  para- 

metric s tud ie s  discussed later i n  t h i s  volume. 

The 0.5 o r b i t  

This f igu re  shows 

As shown on t h i s  

Range gating, which has been considered an acceptable 

The obvious so lu t ion  is t o  use a multi-beam width antenna t o  

increase the  mapping capabi l i ty .  The simplest  so lu t ion  is t o  

u t i l i z e  a dual beamwidtb antenna, which is a l s o  shown i n  t h i s  last  

figure.  

which w i l l  illuminate t h e  swath width a t  periapse.  

i s  used fo r  mapping the lower l a t i t u d e s  (up to  24 degrees t r u e  

anomaly), then the  antenna beamwidth i s  changed t o  a narrower band- 

width f o r  the higher l a t i t udes .  

beamwidth (33.75 mrad) is used f o r  t he  l a t i t udes  above 24 degrees. 

Using a dual beamwidtS antenna, increased mapping coverage is 
achieved before range ambiguities become a problem. 

see i n  t h i s  f i gu re ,  mapping t o  255 degrees can be achieved before 

t h e  uppcr PEU? cons t r a in t  i s  violated. Normally, i f  t he  standard 

Viking Orbiter spacecraft  i s  used with two e x i s t i n g  s o l a r  panels 

with 80 square f e e t  of area, t h e  mapping i s  also constrained by 

power t o  +60 degrees t rue  anomaly. 

This scheme uses a wide beamwidth antenna (67.5 mrad), 

This beamwidth 

An antenna with one-half t he  

As you can 

The mapping coverage could 
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n o t  be increased much by us ing  a multi-beamwidth antenna, because 

power would cons t r a in  t h e  mapping f o r  reasonable  s i z e d  antennas. 

Planet  coverage of 82 percent  of t h e  s u r f a c e  i s  achieved when the  

spacec ra f t  maps between 260 degrees t r u e  anomaly. 

a constant  PRF of 5000 PPS can be s e l e c t e d  f o r  e i t h e r  t h e  s i n g l e  

o r  t h e  dual  antenna beamwidth case. A v a r i a b l e  PRF can e a s i l y  be 

implemented so t h e  s e l e c t i o n  should n o t  be constrained t o  select- 

ing  a cons t an t  PRF. There are advantages t o  s e l e c t i n g  a v a r i a b l e  

PPZ. A v a r i a b l e  PRF of 2V/D (lower PRF c o n s t r a i n t )  i s  o f t e n  a 

good s e l e c t i o n  because cons t an t  s p a c i a l  pu l se s  are generated which 

s i m p l i f i e s  t h e  process ing  of t h e  radar data.  

azimuth dimension of 3.66 m (12 f t )  is requ i r ed  f o r  t h e  p r e f e r r e d  

mapping stra’egy (e = 0 .5 ,  N = 1). 

From the  f igure ,  

a 

A n  antenna wi th  an 

F igure  IV-8 shows how t h e  PRF c o n s t r a i n t s  vary  as a funct ion 

of l a t i t u d e  when p e r i a p s i s  is placed a t  -35 degrees l a t i t u d e  so 

t h a t  t h e  south po le  can be mapped. 

r u l e s  is t o  always map one of t h e  p o l a r  regions.  

width antenna is Ll.sed fram -56 degrees t o  +5 degrees l a t i t u d e ,  

The lower PRF c o n s t r a i n t  us ing  a 4 . l m  antenna i s  shown f o r  t h e  

0.5 o r b i t .  

pu l se s ,  t h e  s i z e  shown on t h e  f i g u r e  can be used. 

PRF is  used then a bigger antenna will be needed i n  t h e  azimuth 

d i r e c t i o n .  

One of our  sc i ence  ground- 

The wide beam- 

I f  a v a r i a b l e  PRF is used t o  give cons t an t  s p a c i a l  

I f  a cons t an t  

A dual  beamwidth antenna cm be implemented by using m u l t i p l e  

feeds when us ing  r e f l e c t o r  type antennas OT by switching i n  extra 

elements when a planar  a r r a y  i s  used. A set of feeds o r  a shaped 

feed designed t o  i l l u m i n a t e  t h e  c e n t e r  p o r t i o n  of the  r e f l e c t o r  

can be used t o  g e t  the  wide beamwidth. 

used t o  i l l u m i n a t e  the  whole a p e r t u r e  when a narrow beamwidth 

antenna i s  needed. 

between t?ie d i f f e r e n t  feede. 

elementi, are switched i n  t o  narrow the bermwidth. 

A n  a d d i t i o n a l  feed can be 

The beamwidth is changed then by switching 

When a p lana r  a r r a y  is used, extra 
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The dual beamwidth antenna would be more expensive t o  develop 

In  add i t ion  t o  t h i s ,  t h e  feeds would than a s i n g l e  feed szcenna. 

have t o  be designed f o r  two frequencies  when t h e  antenna i s  shared 

t o  do both t h e  mapping and c m r n i c a t i r * . , .  An;enna blockage due t? 

m u l t i p l e  feeds w i l l  a f f e c t  t h e  anten ttern; custm designs 

have to  be developed so t h e  s i d e  lobe .Is are small enough. 

The dual beamwidth antenna is one way to  so lve  t h e  range am- 
b i g u i t y  problem, but  varying t h e  s i d e  look angle  i s  another  way 

t o  so lve  the  problan. This s o l u t i o n  is favored because complete 

p l ane t  mapping can be achieved wi th  l i t t l e  o r  no a d d i t i o n a l  cmm- 

plexi  ty.  

The upper PRF c o n s t r a i n t  f o r  a s i n g l e  beamwidth antenna and a 

constant  s i d e  look ang le  gf 30 degrees 8.e shown again i n  Figure 

IV-9 f o r  an o r b i t  with an e c c e n t r i c i t y  of 3.5. 
shown f o r  camparison purposea only. 

is used where t h e  grazing a2gle  v a r i e s  from 50 degrees a t  p e r i a p s i s  

t o  12 degrees a t  the  mapping extremities as shown i n  Figure IV-9, 
a constant  upper PRF c o n s t r a i n t  i s  obtained. The grazing m g l e  

is t h e  angle  between the  s u r f a c e  n o m 1  i n  t h e  niddZe of t h e  i l l u m i -  

na ted  area and the  antenna bo res igh t  €he .  
PRF i n e q u a l i t y  t h a t  is a func t ion  of grazing angle  compensates f o r  

t h e  1/H term to  give e s s e n t i a l l y  a constant  upper PRF c o n s t r a i n t  

as shoi n below: 

This curve is 
I f  a v a r i a b l e  s i d e  look acg le  

The f a c t o r  i n  the  upper 

where C = speed of l i g h t  

Dr = range dimension of the  antenna 

K = range p r o p o r t i o n a l i t y  constant  = 1.2 
X = r a d a r  ope ra t ing  uavelength 

8 = s i d e  loqk angle  

J, = grazing ang le  

H = spacec ra f t  a l t i t u d e  

(IV-11) 
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The upper PRF c o n s t r a i n t  is now a w e l l  behaved func t ion ,  where a 

v a r i a b l e  o r  cons tan t  PRF can be s e l e c t e d  easily. 

This  scheme should be easy to  implement by s tepping  the  an- 

tenna s l o v l y  frcm 12  degrees a t  t h e  mapping extremity t o  50 degrees 

a t  p e r i a p s i s  and t h m  back to 12  degrees. 

con t ro l  sys t en  which controls t h e  s i d e  look angle ,  can be commanded 

by a simple subrout ine  in  t h e  c o n t r o l  computer. 

look angle  is con t ro l l ed  to g ive  the requi red  programed grazing 

angle. 

a r e l a t i v e l y  simple polynomial in a l t i t u d e  o r  time. 

i n  a l t i t u d e  would be p t e f 2 r a b l e  because an a l t i t G d e  a l g o r i t h s  

w u l d  be more accuxate  as t h e  a l t i t u d e  f r a n  t h e  radar a l t i m e t e r  

could be used. The v a r i a b l e  s i d e  look a n g l e  can be used on any 

of t h e  fawored conf igura t ions  that were mentioned. 

The antenna e leva t ion  

The antenna s i d e  

This subrout ine  which c o n t r o l s  t h e  s i d e  look ang le  can be 

A polynomial 

The v a r i a b l e  s i d e  look angle he lps  also in terms of the maxi- 
mum power required.  The porer requi red  is also a funct ion  of s i d e  

look angle  a s  shown below: 

where C = speed of l i g h t  

1;1 = graz ing  angle  

8 = s i d e  look angle  

R = spacec ra f t  a l t i t u t e  

X = radar opera t ing  wavelength 

V = spacec ra f t  v e l o c i t y  

K = Boltzman's cons tan t  

T = abso lu te  temperature 

L = microwave l o s s e s  

B = i 9 d - 7  C t g  bandwidth 

(s. 2 0  = +al- to-noise  r a t i o  

4 a t u r e  area 

0 
c = . q u , - i r z e d  r ada r  c ros s  pect ion 

(IV-12 1 
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Using a v a r i a b l e  s i d e  lock angle ,  a radar  power of 333 watts  can be 

used f o r  complete su r face  mapping (mapping t J  maximum a l t i t u d e  of 

3600 km) f o r  an  o r b i t  with an e c c e n t r i c i t y  of 0.5 \.lit 1-c 600 wat ts  a r e  

requi red  us ing  a cons tan t  s i d e  look angle  of 30 degrees and mapping 

to ' 5 5  degrees l a t i t u d e  < axhum a l t i t u d e  of 1500 km). 

some cc tce rn  whether t h i s  kind of power gain can be achieved with 

a v a r i a b l e  s i d e  lcok angle  s i n c e  c l u t t e r  type t a r g e t s  are being 

mapped a t  low grazing angles  where t h e  r e t u r n  has a l a r g e  specular  

component. Probebl) a higher  power requirement w i l l  be needed t o  

guarantee good Lmaging and reuuce t h e  mjssion r i s k .  

image is praducea by an underpowered mapping radar  similar t o  t h a t  

demonstr5ted i n  tha  luna r  sounding done an Apollo 17.  

tee imaging q u a l i t y  f o r  m m h m  power  r e q u i r e  e n t s ,  a d d i t i o n a l  

s t u d i e s  should be conducted or- c l u t t e r  Zype t a r g e t s  a t  low s i d e  

look angles .  

There is  

A degraded 

To guaran- 

I f  a c l u t t e r l o c k  system is used t o  p c i n t  the radar antenna, 

the  antenna is normally pointed along t h e  zero  dopplet  (ZD) l i n e .  

A t  p e r i a p s i s ,  t h e  antenna is pointed e s s e n t i a l l y  in  t h e  r a d i a l  

d i r e c t i o n  using t h e  c l u t t e r l o c k  system. As t h e  r a d i a l  v e l o c i t y  

increases  with a l t i t u d e ,  the  zero  doppler  l i n e  dev ia t e s  g r e a t l y  

from the r a d i a l  d i r ec t ion .  

a t  the  higher  t r u e  anomalies. 

a f t  and o u t  t o  the  s i d e ,  when operated i n  t h e  squ in t  mode. 

ct,ange of t h e  zero doppler d i r e c t i o n  as a func t ion  of t r u e  anomaly 

is discussed i n  the  mission a l la lys i s  s ec t ion  of t h i s  volume. 

graz iyg  angle ,  which is t h e  anglc between a vector  normal t o  the  

p l ane t  s u r i a c e  and the zero doppler look ang le  l i n e ,  would have a 

26.6 degree grazing angle  a t  90 degrees t r u e  anomaly and a 1 2  de- 

gree  side look angle.  

The antenna has higher  suu in t  angles  

The anLenna i s  pointed forward o r  

The 

The 

The variable s i d e  look angle  schene can be mechanized i n  ruany 

ways, bu t  only two of the  nore promising ways w i i l  be considered 

here. An e l e c t r o n i c  o f f s e t  systexr, o r  a cons tan t  squin t  
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mode system can be used t o  mechanize a v a r i a b l e  s i d e  look ang le  

type of technique. 

to always look r a d i a l l y  and t h e  s i d e  look angle  is programed t o  

g e t  t h e  grazing ang le  p r o f i l e  shown f o r  t h e  VSL case. 

stant s q u i n t  ang le  system is descr ibed below. 

The e i o c t r o n i c  c l u t t e r l o c k  system is  programmed 

The con- 

I n  o r d e r  t o  implement a v a r i a b l e  s i d e  look a n g l e  type of 

scheme, an antenna with a constant  s i d e  look ang le  can be used i n  

a s q u i n t  mode. A 26.6 degree fozward s q u i n t  ang le  can be used dur- 

ing the  f i r s t  h a l f  of '_he mapping phase and then a 26.6 degree rear 

s q u i n t  ang le  can be used i n  t h e  o t h e r  ha l f  of  t h e  mapping phase t o  

implement t h e  type of scheme descr ibed  i n  a v a r i a b l e  s i d e  look 

angle sect ion.  

t h e  r a d i a l  d i r e c t i o n  a t  t h e  start of the  mapping phase and then 

t h e  c l u t t e r l o c k  system w i l l  lock on t h e  s i d e  lobe  t h a t  is n e a r e s t  

to  t h i s  d i r e c t i o n ,  

degrees t o  0 degrees l a t i t u d e ,  i f  p e r i a p s i s  i s  a t  the  equator ,  

w i l l  have a forward squ in t  angle  as shown i n  F igure  IV-10. A t  

t h e  equator  t h e  antenna i s  r o t a t e d  backward t o  have t h e  same rear 
squ in t  angle. 

the  antenna can be maneuvered a t  one degree pe r  second. 

900 km overlap area is achieved a t  the  equator by us ing  t h i s  

scheme. 

the  mapping phase. The antenna bo res igh t  d i r e c t i o n  is ind ica t ed  

by arrows on t h i s  f i g u r e  and t h e  zero doppler d i r e c t i o n  i s  a l s o  

shown. 

scheme by using an antenna wi th  a f i x e d  s i d e  look angle. 

s u r f a c e  mapping can be obtained wi th  about t h e  same amount of 

power required as was  needed for the  v a r i a b l e  s i d e  look ang le  case. 

The antenna c o n t r o l  system p o i n t s  t h e  antenna down 

The f i r s t  h a l f  of the  mapping phase from -90 

This maneuver w i l l  t ake  about a minute assuming 

About a 

The rear s q u i n t  angle  is used throughout the  last  h a l f  of 

This technique w i l l  implement a v a r i a b l e  s i d e  look angle  

Complete 

Figure IV-11 shows PRF c o n s t r a i n t s  f o r  t h e  s q u i n t  mode implemen- 

t a t i o n  using a 10 degree s i d e  look angle  i n  a 0.5 o r b i t .  

grazing arigle i s  shown as a funct ion O E  l a t i t u d e .  

angle  p r o f i l e  is no t  q u i t e  as optimum a case as t h e  VSL case, 

The 

The grazing 
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Figure IV-IO 

1 Forward Squint Mode 
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Antenna Maneuvering for Squint Mode Implementation 
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because lower grazing angles  are obtained a t  t h e  higher  l a t i t u d e s .  

The upper PRJ? c o n s t r a i n t  fo r  the  grazing ang le  p r o f i l e  i s  a l s o  

shown and is n o t  constant as i n  the VSL ang le  case. 

PRF of 5000 PPS can be used i f  an antenna with an azimuth dimen- 

s i o n  of 4.1 meters is used f o r  the 0.5 o r b i t .  

h constant  

Using a constant s i d e  look ang le  of 10 degrees and us ing  the  

change i n  d i r e c t i o n  of t h e  zero doppler d i r e c t i o n ,  a v a r i a b l e  s i d e  

look angle  type of scheme can be used. 

c o n t r o l s  t h e  one gimbal needed t o  implement t h i s  system on the  C- 
configurat ion and c o n t r o l s  t h e  antenna t o  be approximately 26.6 

degrees from t h e  zero doppler d i r ec t ion .  The c l u t t e r l o c k  system 

uses t h e  s i d e  lobe c l o s e s t  t o  t h i s  d i r e c t i o n  to c o n t r o l  t h e  an- 

t enna . 

The c l u t t e r l o c k  system 

Antenna Subsys tern Design 

Two configurat ions have been considered f o r  t h e  antenna, a 

r e f l e c t o r  and an antenna a r r ay .  

configurat ion l ies i n  i t s  s i m p l i c i t y  and r e l a t i v e l y  low weight, 

whi le  i t s  p r i n c i p a l  disadvantage is l ack  of p r e c i s e  c o n t r o l  over 

t h e  vertical antenna pa t t e rn .  

c o n t r o l  can be obtained by varying t h e  primary source p a t t e r n ,  t h e  

r e f l e c t o r  shape, o r  both. 

ever ,  wi th  r e s p e c t  t o  t h a t  needed t o  produce t h e  types of ape r tu re  

d i s t r i b u t i o n  d e s i r e d  i n  a s y n t h e t i c  a p e r t u r e  imaging radar .  For 

t b i s  a p p l i c a t i o n  it is  d e s i r a b l e  t o  approximate a "pulse-shaped'' 

vertical  beam wi th  s i d e  lobes a t  least 10 dh down and p re fe rab ly  

as much as 20 db down. Theore t i ca l ly ,  t h i s  i d e a l  "pulse-shaped" 

p a t t e r n  corresponds t o  a s i n  x/x a p e r t u r e  d i s t r i b u t i o n  funct ion 

t o  plus or minus i n f i n i t y .  

t o  t r u n c a t e  t h e  funct ion symmetrically, 

which r e s u l t s  from t h i s  procedure i s  then given by the  following 

expression: 

The major advantage of a r e f l e c t o r  

I n  t h e  design of r e f l e c t o r s ,  p a t t e r n  

The e x t e n t  of c o n t r o l  i s  l imi t ed ,  how- 

A p r a c t i c a l  approximation t o  t h i s  i s  

The computed p a t t e r n  
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si  1. (n + D/X s i n e ) )  + si  1. (n - D/X s i n e ) )  (IV-13) 

where n = mul t ip l e  of IT a t  poin t  of t runca t ion  

8 = angle  from broadside 

D/A = a p e r t u r e  s i z e  i n  wavelengths 

The expression for t h e  a p e r t u r e  e f f i c i e n c y  is given by: 

(IV- 14) 

These expressions are f o r  continuous a p e r t u r e  d i s t r i b u t i o n s .  

Typical ly  a sin x/x d i s t r i b u t i o n  t runca ted  a t  21.51~ w i l l  have an 

a p e r t u r e  e f f i c i e n c y  of 37.1%. 

t h e  a p e r t u r e  i l l m i n a t i o n  of a r e f l e c t o r  one can vary  t h e  shape 

and dimensions of t h e  primary r a d i a t o r ,  o r  t he  r e f l e c t o r  contour. 

Nevertheless ,  it is very d i f f i c u l t  t o  r e a l i z e  t h e  zero  c ross ings  

f r a n  primary r a d i a t o r s  of convenient dimensions a t  S-band. They 

could be forced by introducing d i s c o n t i n u i t i e s  i n  t h e  r e f l e c t o r ,  

such as s t r i p s  spaced approximately one-quarter wavelength above 

t h e  suzface. 

t h e  des i r ed  amplitude t ape r  i n  t h e  region of t h e  zero  crossings.  

It a l s o  complicates t h e  design of e r e c t a b l e  and unfoldable  r e f l e c -  

t o r s  i n  space app l i ca t ions .  The r e f l e c t o r  to le rances  requi red  f o r  

r e f l e c t o r  antennas are shown i n  F igure  IV-12, which gives  the maxi- 

wrm permiss ib la  su r face  to l e rance  for 20 and 30 do s i d e  lobes f o r  

two i l l m i n a t i o n  t ape r s  based on a p e r f e c t  recerence sur face .  It 

is evident  that a t  S-band t h e  r e f l e c t o r  su r face  contour must  be 

held t o  an accuracy of b e t t e r  than 0.4 t o  0.6 au (0.97 t o  1.63 in . )  

i f  t h e  20 db s i d e  lobe l e v e l  requirements a r e  t o  be s a t i s f i e d .  

Actual ly  only 10 db s i d e  lobe l e v e l  requirements are necded t o  im- 

plement t h e  Venus mapping r ada r  in t h i s  study. Only a por t ion  of 

t h e  doppldr bandwidth i s  used s i n c e  a p a r t i a l l y  focused s y n t h e t i c  

a p e r t u r e  i s  implemented. For 16 db s i d e  lobe l e v e l s ,  t he  r e f l e c -  

t o r  su r f ace  to le rances  must be he ld  wi th in  about one-tenth of a 

To ob ta in  appropr i a t e  c o n t r o l  over 

This  achieves phase reversal but  does n o t  provide 
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Figure IV-12 Reflector  Surface Tolerance vs Frequency 
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wavelength (A/lO). 
would include errors due to deflections and deformations as well 

as thermally induced surface errors. 

erectable or unfoldable dish would be required. 
achievable from such configurations is limited by the mechanical 

distortions inherent with such structures. There are many imple- 
mentations of spaceborne dish antennas which c3n be considered for 

both syrrmetrical and unsymmetrical antenna configurations. 

concepts are briefly described below with some references to 

achievable tolerances wherever this data is available. 

This is the maximm pcmissible tolerance and 

For space applications an 

The maximum gain 

These 

Radial Rib Parabolic Reflector (Figure IV-13) - This concept 
was implemented for a 2.44 m (8 ft) symmetrical dish but can also 
be applied to unsyumetrical structures. Models have been con- 

structed in several configurations using spring-loaded hinges, 
leaf spring continuous surface, spring wire cable, and various 
type beam formations. 
surface tolerance deviations can be corrected by individual joint 

adjustments. 
unknown at this time. 
beam ground plane concept and can be equally applied to phased 

arrays. 
ribs are used and the type and size of beam construction. 

beams can be tapered. The cable tension rigidizes the vertebra 

and a190 affects the deflection. 

that this type of configuration will not meet the tolerance re- 

quirements of the reflector antenna as set forth in the previous 

paragraph. 

Most of the manufacturing and assembly 

Thermal deflections in the space environment are 
This concept is also called the vertebrae 

Acceleration deflections will be a function of how many 
The 

It would appear from the above 

Continuous Vertebra Beam Slab (Figure IV-14; - This concept is 
similar to the vertebra beam ground plane, exc;pt that the struc- 

tural members are longitudinally continuous. Again manufacturing 

tolerances can be compensated for by local hinge and surface ad- 

justment devices; 1.27 cm (0.5 in.) r.m.8. surface deviations can 
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be expected from t h i s  antenna fo r  ape r tu re  s i z e s  of 3.05 m (LO f t )  

t o  6.1 m (20 f t )  square.  

meet the  s i d e  lobe l e v e l  s p e c i f i c a t i o n s  f o r  a 3.5 m x 3.6 m syn- 

t h e t i c  a p e r t u r e  radar  antenna u t i l i z i n g  a r e f l e c t o r  conf igura t ion .  

Hinged Beam Panel (Figure IV-15) - This p r i n c i p l e  was u t i l i z e d  

Hence, t h i s  approach is un l ike ly  t o  

i n  t h e  manafacture of two 2.44 m ( 8  f t )  parabol ic  r e f l e c t o r  an- 

tennas. 

r i b s  ac tua ted  by a gearhead motor t o  tens ion  t h e  cables .  

antennas used silver meta l l ized  dacron mesh sur face .  

i s  ad jus t ab le  and su r face  mesh ties can a l s o  be ad jus t ed  t o  y i e l d  

extremely c lose  to le rances .  Thermal e f f e c t s  of  t h i s  conf igura t ion  

are ,xpected t o  be small due t o  t h e  s t r u c t u r a l  aluminum s i z e s  and 

design f l e x i b i l i t y  t o  minimize de f l ec t ions .  

however, more than o f f s e t  by the  extremely l a rge  weight of t h i s  

conf ig  r a t ion .  Even then, i t  is s t i l l  ques t ionable  whether t he  

su r face  to le rances  could be met wi th  t h i s  conf igura t ion .  

One had twelve angle  r i b s ,  whi le  t h e  o the r  had 24 channel 

Both 

Each jo i i i t  

These act>jmtages are, 

Tension Panel Ref lec tor  (Figure IV-16) - This concept c o n s i s t s  

of a mul t ip l e  s t r u c t u r a l  framework which supports  a l i g h t  f i lm  

work of some type i n  tension.  

(3 f t )  square s e c t i o n  by Aerospace Corporation, El Segundo, C a l i -  

f o r n i a ,  us ing  a s i n g l e  fra9ework with spr ing-actuated extendable  

arms. It was a l s o  designed i n t o  a s i x - r i b  hexagonal shape, spr ing-  

ac tua ted ,  and hydrau l i ca l ly  dampened. These designs used two f l a t  

sur faces ,  one as a r e f l e c t o r ,  one with a s i n g l e  s p i r a l  element 

sur face .  

fo r  a parabol ic  r e t l e c t o r .  

arm and mesh s t r eng th ,  f o r  a c c e l e r a t i o n  loads ,  t h i s  concept i s  

a t t r a c t i v e .  There are many extendable s t r u c t u r e s  t h a t  o f f e r  po- 

t e n t i a l  panel support .  These inc lude  the  tubu la r  s c i s s o r  truss, 
the  t r i a n g u l a r  t r i -pan  (extendable t r i a n g u l a r  pantograph),  t he  ex- 

tendable br idge (dual  extendable  pantograph r o m i n g  a t r u s s )  , and 

an extendable  four-sided sp ide r  supported pantograph, 

It has t een  modeled i n t o  a .915 m 

GDC used a similar p r i n c i p l e  f o r  small t r i a n g u l a r  panels  

Except f o r  thermal d i s t r o t i o n  and 

All of 
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t hese  are extremely heavy, and would, t he re fo re ,  no t  be s u i t e d  

f o r  space app l i ca t ions .  

p r i n c i p l e  could be coasidered and would have d e f - n i t e  advantages 

in a zero "g" environment. 

t h e  A/lU s p e c i f i c a t i o n s .  

For extremely l i g h t  weir' - beams t h e  STEn 

This design can be used and will meet 

Swirlabola Hinged Segment Assembly (Figure IV-17) - This con- 

c e p t  was developed by Goodyear A i r c r a f t  Corporation, who have 

b u i l t  a number of r e f l e c t o r s  us ing  t h i s  p r inc ip l e .  Its open-to- 

c losed r a t i o  is very low &-.e t o  t h e  f a c t  t h a t  t h e  tubu la r  struc- 

t u r a l  members wrap around t h e  c e n t r a l  hub. 

open size can be only approximately 2.8 times t h e  spacec ra f t  di-  

ameter. 

t o l e rances  and des igning  deep, open, s w i r l i n g  r i b s  LO minimize ac- 

c e l e r a t i o n  and t h e m 1  d e f l e c t i o n s ,  i t  is p o s s i b l e  to hold s u r f a c e  

to l e rances  t o  b e t t e r  than 0.46 cm (3/16 i n , )  r.m.s. for a 6.1 Po 

(20 f t )  square aperture .  

the  hirrges and sclenoid o r  explosive r e l eased  l a t ches .  

cwenty r i b s  would Frobably provide adequate mesh support  for a 

6.1 m (20 f t )  r e f l e c t o r .  

t o  be reasonable and the approach m e r i t s  f u r t h e r  considerat ion,  

i f  only f o r  its supe r io r  s u r f a c e  accuracv p rope r t i e s .  

This means t h a t  t h e  

By providing s u r f a c e  adjustments t o  overcome manufacturing 

Deployment is e f f e c t e d  by s p r i n g  loading 

F i f t e c n  t o  

"be weight of t h i s  assembly would appear 

Mesh P e t a l i n e  S t r u c t u r e s  (Figure IV-18) - P e t a l i n e  r e f e r s  t o  

devices which open l i k e  p e t a l s .  

such as interconnected p e t a l s  (hinged l o n g i t u d i n a l l y ) .  h3brid 

p e t a l s  ( p e t a l  and mesh', i nd iv idua l  p e t a l s  (sunflower hinged', 

double hinged p e t a l s ,  etc. Both Goodyear A i r c r a f t  Corp., and TRk 
Sys tans, Inc. 
Goodyear has developed a 3.25 m (30 f t )  diameter p e t a l  r e f l e c t o r  

antennc with interconnected p e t a l s  which are a l l  hinged. Each 

p e t a l  i s  pernuloently a t t ached  to its two ad jacen t  p e t a l s ,  and the  

antema form a continuous s u r f a c e  when open. 

genzralLy l imi t ed  i n  diameter t o  approximately twice t h e i r  f u r l e d  

Many t-/pes haw2 been developed 

have done cor&siderable work on Lhese configurat ions . 

Such antennas are 
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1en;th. 

achieved f o r  parabol ic  type r e f l e c t o r s  i n  the  6.1 m (20 f t )  d i -  

ameter region and t h e  weight appears reasonable.  

b e s t  s u i t e d  f o r  round r e f l e c t o r s ,  but  c e r t a i n l y  merits f u r t h e r  

cons idera t ion  f o r  t h e  s y n t h e t i c  a p e r t u r e  radar  antenna. 

Surface to le rances  of 0.68 m (0.27 in . )  r .m . s .  can be 

This approach is 

Expandable T r u s s  Space Frame S t ruc tu res  (Figure IV-19) - This 

concept has been developed by Convair, GDA f o r  r e f l e c t o r  type space 

veh ic l e  antennas. The t r u s s  concept o f f e r s  p o t e n t i a l  t o  very 

l a r g e  antenna sizes (up t o  152 m) using double t r u s s  networks, 

and can be implanezted f o r  any smaller s i zes .  

tages of inherent  r i g i d i t y ,  openness t o  thermal e f f e c t s ,  good 

packagiiig, and self-expansion capab i l i t y .  Irs  -=;or disadvantage- 

are high weight and poor r e l i a b i l i t y  d-;e t o  the  numerous compon- 

e n t s ,  hinges,  and joints making up t h i s  assembly. Also, con t ro l  

of uniform deFLoyment could present  a problem unless  damping was 

b u i l t  in .  Surface to le rances  of 0.79 cm (0.31 in . )  r.3.s. can be  

achieved f o r  s t r u c t u r e s  up t o  30.5 m (100 f t )  i n  diameter. 

approach does not  appear too a t t r a c t i v e  because of t he  very high 

weight of t h i s  antenna. 

It has the  advan- 

The 

Flex-Rib Reflector  (Figure IV-20) - This concept has been de- 

veloped by Lockheed, Missiles and Space Division, aga in  f o r  re- 

f l e c t o r  type antennas. 

9 f t )  rec tangular  antenna with a parabol ic  contour which was  

covered with metal ized f a b r i c  r e f l e c t i n g  sur face .  The fu r l ed  

s i z e  was  14 cm x 46 cm (5.6 in .  x 18 in.)  diameter,  g iv ing  a 

good acpansion r a t i o .  

antennas whe;e beam depth would inc rease  but  r i b  thickness  would 

no t  be increased l i n e a r l y .  

l i a b l e ,  and f o r  i t s  s i z e  is r e l a t i v e l y  l i g h t  weight. Surface 

to le rances  are s t i l l  not  good enough t o  meet the  s i d e  lobe speci-  

f i c a t i o n s ,  but  should be comparable with some cf t he  above con- 

f igu ra t ions .  

They have b u i l t  a 1.8 m x 2.74 m ( 6  f t  x 

This r a t i o  could be increased f o r  laiFer 

The concept is simple and very r+.:- 
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Special  Detloyable Ref lec tor  - A new concept has been developed 

by Radiation, Inc., Melbourne F lo r ida ,  which provides an r .m.s .  

su r f ace  accuracy of 0.076 cm (0.030 in . )  f o r  a deployable,  3.66 m 

(12 f t )  diar le ter  parabol ic  r e f l e r - o r .  

a b l e  on t h i s  r e f l e c t o r ,  and i t  i ;  suggested t h a t  a l l  p e r t i n e n t  

technica'. da ta  be obtained on t 'ds approach s i n c e  i t  is  t h e  one 

of the  2onc.epts t h a t  w u l d  meei the  s u r f a c e  accuracy requirements 

f o r  t he  s i d e  looking r ada r  aT.tenna. 

No da ta  i s  c u r r e n t l y  a v a i l -  

Tne ver ious c o n f i g u r a t i m s  discussed above i l l u s t r a t e  some of 

t h e  problems assoc ia ted  w'th r e f l e c t o r  antennas when appl ied  t o  

t h e  . ;ynthetic ape r tu re  r ;da r  problem. In  add i t ion ,  pos i t i on ing  of 

the  feed system introduces another  tough mechanical problem. The 

c h a r a c t e r i s t i c s  of a l l  !ut  one of these e r e c t a b l e  and unfu r l ab le  

r e f l 2 c t o r  antennas are ;uuunarized i n  Table IV-1. The maximrrm gain 

achizvable  from various space veh ic l e  r e f l e c t o r  antennas has been 

p l o t t e d  i n  Figure IV-21 as a func t ion  of frequency f o r  both r i g i d  

and e r e c t a b l e  r e f l e c t o r s ,  giving both cu r ren t  s ta te -of - the-ar t  

data and expected c a p a b i l i t i e s  i n  t h e  1980-85 era. 
u res  are based on n o m 1  parabol ic  r e f l e c t o r  antenna i l l umina t ions  

(-11 db edge taper )  and, t he re fo re ,  do no t  r e f l e c t  t h e  low s i d e  

lobe requirements requi red  f o r  s i d e  looking r ada r  app l i ca t ions .  

The s t eepe r  i l lumina t ion  t ape r s  requi red  will dzcrease the  o v e r a l l  

antenna gain by about 2 db under those given i n  Figure IV-21. 

This would a l s o  r equ i r e  a l a r g e r ,  more complex feed  system and, 

f u r t h e r ,  suggest t he  use of o f f s e t  feeds t o  prevent  ape r tu re  block- 

age which could also cause an  inc rease  i n  the  s i d e  l cbe  leve l .  

The gain f ig -  

A phased a r r a y  can a l s o  be employed as t h e  r ada r  antenna and 

it  would appear t o  have some s i g n i f i c a n t  advantages. 

band region of the  microwave spectrum var ious  types of a r r a y  ele- 

ments can be  considered i n  t h e  design of t h e  a r ray .  

d ipoles ,  d i scpoles ,  disc-on-rod, shunt  s l o t s ,  h e l i c e s ,  p lanar  

s p i r a l s ,  conica l  s p i r a l s  , open-waveguide, and small horns. 

In  the  S- 

These are: 
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Since no scanning is  r equ i r ed ,  s e l e c t i o n  is  based mainly on 

phys ica l  and geometrical  f a c t o r s .  To o b t a i n  a pulse-shaped v e r t i -  

c a l  antenna p a t t e r n  with narrow h o r i z o n t a l  beamwidth and low s i d e  

lobes ,  t h r e e  types of a r r a y s  were considercd: 

1) Horizontal  non-resonant array with v e r t i c a l  feeders .  

2) Vertical non-resonant a r r a y  w i t h  ho r i zon ta l  f eede r s .  

3 )  Array of v e r t i c a l  a r r a y s  of resonant  elements. 

Of t h e s e ,  t h e  v e r t i c a l  array o i  resonant  clements would appear 

t o  have t h e  b e s t  chance o t  meetinp t h e  beamwidth and s i d e  lobe 

requirements. This approach can be implemented by feedinq each 

of t he  v e r t i c a l  resonant  a r r a y s  from a s e p a r a t e  s o l i d  s t a t e  

t r a n s c e i v e r  module, o r  by subdividing t h e  antenna i n t o  a con- 

ven ien t  number of subarrays which are interconnected by a true 

time-delay feed network. 

t o  a t o i d  t r a n s i t  time e f f e c t s  and loss  i n  antenila ga in .  B reason- 

a b l e  qubdividion of t h e  o v e r a l l  a p e r t u r e  would e n t a i l  8 suba r rays  

c o n s i s t i n g  of 8 v e r t i c a l  resonant zrrays,  v h i c h  can again be i n t e r -  

connected by t r u e  time delay feed networks. For packaging and 

ease of deployment, flush-mounted a r r a y  elements are p r e f e r r e d .  

This would sugzest  t he  u s e  of resonant  s l o t s  elements w i t h  c i t h e r  

a waveguide o r  s t r i p  l i n e  feed s y s t e m .  I t  is  well known tha t  

shunt s l o t s  o f f e r  t h e  advantage of ve ry  low m u t u a l  c.;:iplin;: a n d  

t h i s  type of elcment i s  the re fo re  recommended f o r  t h e  antenria 

a r r ay .  

system was considered, but  i n  o rde r  t o  reduce t h e  weight of rne 

a r r a y ,  t h e  he igh t  of t h e  waveguide can be reduced depending only 

on power and impedance requirements.  For peak power levels of  

1 kw (166 watts average!, each v e r t i c a l  a r r a y  would bc requircd 

t o  c a r r y  on ly  65 w peak (10 watts average)  power, which is  eas i ly  

achieved with 1 . 2 7  cm (’. in.) hi,?h waveguide w h i c h  would have an 

impedance of about l0G ohms. Furthermore, i t  tile bcdvegui.dc ~ I O C S  

n o t  form p a r t  of  t h e  support ing s t r u c t u r e ,  i t  i s  feas ib le  t o  

The l a t t e r  network i s  r equ i r ed  i n  o rde r  

The t y p i c a l  7.63 x 3.82 cm ( 3  x 1s; i n .  ) S-band waveguide 
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reduce the  wall thickness  t o  e f f e c t  a f u r t h e r  reduct ion i n  weight. 

I f  s t r u c t u r a l  s t r e n g t h  i s  r equ i r ed  of t h e  waveguide, then t h e  

waveguide walls could be of honeycomb cons t ruc t ion  y i e l d i n g  h igh  

s t r e n g t h  wi th  low weight. 

tive coat ing t o  a s s u r e  low l o s i e s .  

made t o  f o l d  up f o r  packaging of t h e  antenna. A l t e rna te ly ,  s t r i p -  

l i n e  transmissLon l i n e s  could be used wi th  resonant s l o t  elements, 

where again t h e  ground plane spacing is reduced t o  a f f e c t  a mini- 

mum weight configurat ion.  This reduces t h e  amount of t e f l o n  re- 

quired f o r  t h e  d i e l e c t r i c  i n s u l a t o r  between t h e  c e n t e r  s t r i p  and 

the two ground planes.  Foamdie le - t r ics  could a l s o  be considered 

t o  f u r t h e r  reduce the  weight of t h e  antenna. Deployment schemes 

considered are similar t o  those d iscussed  f o r  t h e  r e f l e c t o r  an- 

tennas,  and include t h e  following: 

The inne r  s u r f a c e  would have a conduc- 

Such a configurat ion could be 

1) 
2) 

3) Accordion Panel (Figure IV-23) 

4) 

5)  

6) Radiation Inc. Deployment System 

The f i r s t  two were descr ibed previously.  The accordion panel 

concept was developed by F a i r c h i l d  H i l l e r  Corp., Space Systems 

Division, f o r  t h e  s o l a r  a r r a y s  of t h e  Pegasus S a t e l l i t e .  

of i n t e r e s t  h e r e  i f  t h e  subarray approach is  employed, s i n c e  

each panel would then c o n s i s t  of a 3.5 m x .457 m (11.5 f t  x 1.5 

f t )  subarray. 

a v a i l a b l e  i n  t h e  spacec ra f t ,  t h e r e  nay be some problems with the 

long dimension. 

although c l o s e  to l e rances  are required a t  t h e  hinge j o i n t s .  

ployment i s  by means of s p r i n g  and gearhead motor and t h e  8:l 
packaging r a t i o  is e a s i l y  obtained. 

about 1.9 an (0.75 in.)  r.m.8. are achievable  in  t h e  h o r i z o n t a l  

Vertebra Beam Ground Plane (Figure IV-22) 

Continuous Vertebra Beam Slab  (Figure IV-14) 

Biaxial Dual Tape Array (Figure IV-24) 

Self-Fozming Sandwich Panel (Figure IV-25) 

It is  

Since t h e  s i z e  i s  l i m i t e d  t o  t h e  envelope l eng th  

The deployment scheme is  simple and r e l i a b l e ,  

De- 

Array a p e r t u r e  to l e rances  of 
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plane. while i n  the  v e r t i c a l  plane the  r .m.s .  su r f ace  e r r o r  is 

expected t o  be considerably better (. 0.35 can). 

t he  necessary control over t h e  s i d e  lobe l e v e l  of the  v e r t i c a l  

p a t t e r n  of  t h e  a r r a y  which is required i n  a syn the t i c  ape r td re  

radar antenna. The b i a x i a l  dua l  tape  a r r a y  deploys tape i n  a 

f l a t  arrangement so t h a t  t h e  antenna can be unro l led  from two 

spools  and the  spocls themselves can be telescoped ax ia l ly .  Al- 
though complex and f a i r l y  heavy, t h i s  sclleme would r equ i r e  a de- 

sign us ing  a f l e x i b l e  d i e l e c t r i c  f o r  t he  v e r t i c a l  a r r a y s  suck, as 

are ccmmonly a v a i l a b l e  in pr in t ed  c i r c u i t  work. 

v ides  two-directional deployment f r a n  a rol l  type package and 

would thus a i low vertical deploynent of  t h e  antenna wi th  t h e  

t r ansmi t t e r s  and feed systems contained within the  r o l l s .  Pack2:- 

ing  r a t i o s  of 15:l  r a d i a l l y  and 5: l  a x i a l l y  can be achieved with 

deployment by a gearhead motor. 

to le rances  of about 1.28 - 1.9 an (0.5 - 0.75 in.)  r.m.s. are 

achievable  i n  00th planes whfch is  i n f e r i o r  t o  o t h e r  schemes d i s -  

cussed previously.  

a l s o  of  i n t e r e s t  s i n c e  i t ,  too, prcvides  t h e  c a p a b i l i t y  t o  expand 

OE one axis e i t h e r  i n  one d i r e c t i o n  o r  both. 

and e f f e c t i v e ,  and has a reasonable  wcight (< 1.95 kg/m ). 

ever, t h e  foaming mcl se tup  c h a r a c t e r i s t i c s  t o  produce cons i s t en t  , 
r e l i a b l e  sur faces  with very mall su r face  devia t ions  ar t  unknown. 

It is, therefore ,  n o t  expected t h a t  su r f ace  to le rances  of b e t t e r  

than 2.54 an <l in . )  r .m.s .  f o r  a 3.66 m (12 f t )  square ape r tu re  

cou! d be achieved with t h i s  approach unless Considerably more 

development work is c a r r i e d  out.  Also, thermal de f l ec t ions  i n  

space could be  severe  because of i t s  su r face  area and mattrial 

d i f fe rences .  

This would al low 

The concept pr3- 

In t h i s  scheme a r r a y  a p e r t u r e  

The self-forming sandwich panel concept is 

It appears  simple 
2 How- 

The r a d i a t i o n  Inc.  concept f o r  a deployable d i sh  could prob- 

ab ly  be modified t o  a l low i t s  use f o r  erectable a r r a y  configurat ions.  

However, too l i t t l e  is known about t h e  desiga d e t a i l s  of t h i s  
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approach a t  t h i s  time t o  a r r i v e  a t  d e f i n i t e  conclusions regarding 

i t s  app l i ca t ion  t o  t h e  azray  t o  a l low accura t e  performance pre- 

d i c t ions .  

Radar Subsystem Design 

The majc r i adeof f s  which must be considered i n  the  choice 

between vacuum tubes and solid state devices are peak power, duty 

cycle ,  and r e l i a b i l i t y .  In  general ,  cubes w i l l  exh ib i t  peak t o  

average power c h a r a c t e r i s t i c s  s eve ra l  o rders  of magnitude g rea t e r  

than semiconductors which is pr imar i ly  due t o  the  d i f f e rence  i n  

thermal time constants .  For tubes t h i s  time constant  is of t h e  

o rde r  of a few seconds cornpared t o  a few hundred sec  f o r  semi- 

conductor devices.  In  Figure IV-26 t h e  peak t o  average power 

r a t i o  is p l o t t e d  as a funct ion of pu lse  length  f o r  both vacuum 

tubes and semiconductor devices.  The advantages of the  vacuum 

tube are q u i t e  apparent.  Nevertheless ,  i t  is important t o  consider  

s o l i d  state t r ans  iters uec4;rse of t h e i r  increased  r e l i a b i l i t y .  

This is achieved both by t h e  increased r e l i a b i l i t y  of t he  s o l i d  

state device and by d i s t r i b u t i n g  t h e  transmitter modules over  a 

l a r g e  phased a r r a y  which reduces the  requi red  output  power of 

each module. Furthermore, by us ing  sepa ra t e  t r ansce ive r  modules 

f o r  each a r r a y  element o r  f o r  each v e r t i c a l  a r r a y  of the  o v e r a l l  

p lanar  array, the  f a i l u r e  c.f any one module i n  the  array w i l l  n o t  

apprec iab ly  a f f e c t  t he  perfonnance of t h e  radar.  This f u r t h e r  

increases  the  r e l i a b i l i t y  of  t he  o v e r a l l  system. A t  S-band, a 

cons idera t ion  of s o l i d  s t a t e  sources must include the  following 

devices as p o t e n t i a l  r . f .  t r ansmi t t e r s :  

1) SRD/varactor frequency m u l t i p l i e r  chains;  

2) Trans i s to r  o s c i l l a t o r s  and ampl i f i e r s ;  

3 )  Pulsed Gunn o s c i l l a t o r s ;  

4 )  T r a p a t t  o s c i l l a t o r s  and ampl i f i e r s ;  

5) LSA o s c i l l a t o r s .  
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I n  l i k e  ve in ,  var ious  vacuum tube types should be considered 

f o r  t h e  s y u t h e t i c  ape r tu re  imaging r ada r  including both conven- 

t i o n a l  types and some of t h e  more r e c e n t l y  developed p r in t ed  cir-  

c u i t  configurat ions.  

t he re fo re ,  inves t iga ted :  

The fol lowing tube type t r a n s n i t t e r s  were, 

1) Backward wave CFA; 

2) Forward wave CFA; 

3) 

4 )  Conventional PM-TWT ampl i f i e r ;  

5) Pr in ted  c i r c u i t  TWT ampl i f i e r ;  

6 )  Electron beam semiconductor ampl i f i e r ;  

7 )  Bonded g r i d  t r i ode .  

Pr in ted  c i r c u i t  forward wave CFA; 

Typical  RF pu l se  tube parameters are shown i n  Table IV-3. 
The conventional backward wave CFA and forward wave CFA provide 

very  high peak power levels which are n o t  requi red  f o r  t h i s  app l i -  

ca t ion .  The r ada r  peak power requirements a t  S-band are 1 kw with 

an  average power of 166 w. Hence t h e  tubes of most i n t e r e s t  would 

be t h e  TWT ampl i f i e r ,  t h e  PC/forward wave CFA, and the  bond2d g r i d  

t r i ode .  The latter has  been implemented r e c e n t l y  a t  L-band, but  

shoulc! a l s o  be feasibli. ,  i n  t h e  S-band region of t h e  microwave 

spectrum. A b r i e f  d i scuss ion  of t hese  tube types is  given below: 

CFA Tubes - Crossed f i e l d  a m p l i f i e r s  have seen extended use 

i n  t h e  last  few years  and a cons iderable  amount of development 

work has been accomplished on these  devI.ces. 

are b e s t  s u i t e d  f o r  high power apn l i ca t ions .  

ape r tu re  r a d a r  t r a n s m i t t e r  t h e  p r i n t e d  c i r c u i t  CFA is  of i n t e r e s t  

even though i t  is s t i l l  i n  t h e  developmental s tage .  It is small, 

l i g h t ,  and r e l i a b l e  and has  measured e f f i c i e n c y  of 40% a t  S-band. 

Gain of 13 db, however, is low compared t o  s a t u r a t e d  gain f i g u r e s  

a v a i l a b l e  with t r a v e l i n g  wave tube ampl i f i e r s .  This means t h a t  

h igher  gain preampl i f ie rs  would be requi red  t o  d r i v e  t h e  CFA. For 

t h i s  app l i ca t ion  average powers of 8 watts should be available t o  

Conventional CFAs 

For t h e  s y n t h e t i c  
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drive the CFA, which is not an unreasonable requirement with 
current state-of-the-art techniques. 

Traveling Wave Tube Amplifiers - Many TWT amplifiers have been 
developed which will meet the power requirements of the synthetic 
aperture radar. 
Table IV-2. The first of these provides a peak power output of 

2 kw with a gain of 30 db and an efficiency of 30%. The second 
TWT shown is a high power pulse amplifier developed by Hughes 
which provides either 1 kw peak of 200 w/cw over the 2-4 GHz band 

at a duty cycle of 5%. 

(17.5 in. x 2.5 in.) diameter and the tube weight is 4.55 kg 

(10 lbs). 
thetic aperture radar, the printed circuit TWT should be of ut- 
most interest because of its increased reliability and comparable 
performance. 
and already has provided power outputs of 2 kw peak at S-band 

with an efficiency of 25%. 

era printed circuit TWTs will be available with power outputs of 
4-5 kw providing 35 db gain with an efficiency of 30% or better. 

Two of these are shown in columns 5 and 6 of 

Typical dimensions are 44.5 cm x 6.35 cm 

Again, for future space applications such as the syn- 

This tube is currently under development by Varian 

It is expected that in the 1980-85 

Another possible power amplifier is a hybrid tube-semiconductor 
device generally called an EES amplifier (electron beam semicon- 
ductor amplifier). 
lation system, semiconductor target, and output ccl.pling network 
within a vacuum envelope. It eliminates '_he need for fbsusing 
magnets as in PPM-TWTs. It offers gains in excess of 40 db and 
requires much lower beam current than conventional TWTs. Thus, 
it is considerably smaller, lighter, and operates at efficiencies 
of over 65%. Watkins-Johnson has obtained 400 w pes& power at 
100 MHz from an EBS pulse amplifier with a duty cycle of a few 
tenths of 0 - 2  percent. This device is still in the research 
stage, but it is felt that power levels of up to 1 kw are pos- 

sible at 2 GHz using a lumped element target device, Further- 

This device combines an electron gun modu- 
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more with t h i s  t ech i ique  Glass B a m p l i f i e r  ope ra t ion  is poss ib l e  

wi th  r . f .  s i n e  wave e f f i c i e n c i e s  up t o  65% and video p u l s e  e f f i c i -  

enc ie s  of 85%. Watkins-Johnson is t r y i n g  t o  improve t a r g e t  l i f e  

r e l i a b i l i t y  by us ing  junc t io?  pas s iva t ion  techniques and s h i e l d i n g  

c r i t i c a l  p o r t i o n s  of t h e  diode from d i r e c t  e l e c t r o n  bonbardment. 

They are a l s o  cons ider ing  a d i s t r i b u t e d  element t a r g e t  where t h e  

meander l i n e  is d i s t r i b u t e d  i n  a dimension perpendicular  t o  t h e  

e l e c t r o n  flow, r a t h e r  than p a r a l l e l  t o  it. It is f e l t  t h a t  be- 

cause of i t s  s m a l l  s i z e ,  l i gh twe igh t ,  and high e f f i c i e n c y  t h i s  

device must be s e r i o u s l y  considered f o r  t h e  s y n t h e t i c  a r r a y  app l i -  

c a t i o n  s i n c e  it is  expected t h a t  by 1980-85 acceptable ,  space- 

q u a l i f i e d  hardware should be a v a i l a b l e .  

Triodes - Another device which has j u s t  r e c e n t l y  received re- 

newed a t t e n t i o n  i n  t h e  vacuum tube f i e l d  is t h e  t r i o d e  am2l i f i e r .  

General Electric Co. has developed a bonded g r i d  a m p l i f i e r  a t  L 
band which i s  capable of 5 kw peak power output  a t  a duty cyc le  

of 10% with an e f f i c i e n c y  of 60%. It is f e l t  t h a t  by 1980-85 S- 

band tubes should be a v a i l a b l e  wi th  3-5 kw of peak pu l se  power and 

e f f i c i e n c i e s  of 50%. 

c o n t r o l  u n i t  f o r  t hese  tubes. It would, t he re fo re ,  ippear  t h a t  

t h e  bonded g r i d  t r i o d e  should a l s o  receive s e r i o u s  considerat ion 

f o r  t h e  s y n t h e t i c  a r r a y  r a d a r ,  p a r t i c u l a r l y  s i n c e  i t  should pro- 

v i d e  h ighly  r e l i a b l e  performance i n  space app l i ca t ions .  

GE has developed a very  e f f c c t i v e  emission 

S o l i d  S t a t e  Sources - The s o l i d  state sources t h a t  must be 

considered as candidates  f o r  r a d a r  t r a n s m i t t e r s  are l i s t e d  i n  

Table IV-3, 
sources i t  i s  important t o  remembe- that t r a n s i s t o r s  cannot be 

operated :t t h e i r  f u l l  average power r a t i n g s  due t o  system duty 

cyc le  c o n s t r a i n t s .  

depending on t h e  pe rmis s ib l e  t r a n s m i t t e r  dc.ty cycle .  

avalanche sources generate  s u b s t a n t i a l l y  h igher  peak than average 

power, so no such d e r a t i n g  is necessary.  

In comparing t r a n s i s t o r ,  bulk,  and avalanche power 

A d e r a t i n g  f a c t o r  of 5 t o  10 i s  o f t e n  necessary  

Bulk and 

A b r i e f  d e s c r i p t i o n  of 
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the semiconductor sources shown in Table IV-3 is given below: 

Transistor Oscillators and Amplifiers - Although tran- 
sistor performance advances seem to have levelled out, the tran- 

sistor amplifier still forms the basis of most solid state radar 

transceiver modules. Current state-of-the-art in power transis- 
tors is shown in column 1 and column 2 of Table IV-3. Thus, the 

best power transistors are capable of about 10-30 w peak power at 
S-band with efficiencies in the 30%-50% range. 
era it is expected that peak pulse powers of 100 watts should be 
achievable. It is comon practice to parallel transistors in 
solid state circuits so that considerably higher power levels 

can be achieved even after derating the transistors. 
power amplifier performance is indicated in column 2 with expected 

1980-85 performance in column 3. Transistors can also be oper- 

ated as amplifier-multipliers and oscillator-multipliers to pro- 
duce power output at frequencies well above their maximum funda- 
riental frequency. The performance of these circuits is shown in 
Figure IV-26 and discussed more fully in a later section. 

In the 1980-85 

Typical pulse 

Trapatt Oscillators and Amplifiers - The current status 
of Trapatt oscillators and amplifiers is shown in columns 4 and 5 

of Table IV-3. These units show higher peak power performance 
than transistors, and when operatcd in multiple chip configura- 

tions, both peak and average power can be increased considerably. 
A crude estimate of multiple chip capability can be obtained by 

multiplying the single device peak power capability (Table IV-3)  

by the number of chips. 

tors is their low duty cycle, although progress is being made in 
increasing both the duty cycle and m a x i m u m  frequency of operation 
of these devices. Trapatt oscillators exhibit very high efficien- 
cies with actually measured values of up to 50% at S-band. 

band Trapatt amplifiers have been developed with pulsed power as 

a saturated amplifier having a small dynamic range and zn efficiency 

The major drawback of Trapatt oscilla- 

Wide- 
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of about 20%. 

i s  shown i n  column 6 of Table IV-3. 

Projected 1980-85 c a p a b i l i t y  f o r  T rapa t t  o s c i l l a t o r s  

Pulsed Gunn O s c i l l a t o r s  - Pulsed Gunn diodes have been 

used a t  S-band with maximum peak power outputs  i n  the  30 w a t t  

region and dc-r.f. e f f i c i e n c i e s  of 1.5%-2%. These devices are 

thermally l imi t ed ,  that is ,  the  r a t i o  of peak t o  average power i s  

very la rge .  It i s  expected t h a t  by 1980-85, f u r t h e r  development 

work should improve t h e  e f f i c i e n c y  of these  devices  t o  poss ib ly  

10 t o  15%, which by comparison with o t h e r  s o l i d  s ta te  o s c i l l a t o r s  

would s t i l l  be very low, 

diode o s c i l l a t o r s  i n  a s o l i d  state r ada r  ope ra t ing  i n  the  3.1-3.7 

GHz region. 

power source,  modulator, duplexer ,  T-R switch,  phase s h i f t e r ,  

l o g i c  c i r c u i t s ,  and provis ions  f o r  p o l a r i z a t i o n  d i v e r s i t y .  Im- 

provements contemplated by ITT inc lude  t h e  development of bulk- 

e f f e c t  sources t h a t  w i l l  emit 1 kw a t  1 percent  duty cycle.  

t h e  s y n t h e t i c  a r r a y  a p p l i c a t i o n  pulsed Gunn diodes would n o t  

appear t o  be competi t ive with o t h e r  s o l i d  state sources  due t o  

t h e i r  i nhe ren t ly  low e f f i c i e n c i e s .  

Recently ITT-Gilf i l lan has u t i l i z e d  bulk- 

Each t ransmit-receive module conta ins  a 10 w peak 

For 

LSA O s c i l l a t o r s  - The LSA diode i s  capable of producing 

peak powers m a t e r i a l l y  higher  than t h e  pulsed Gunn o r  Trapa t t  

diodes.  

increases  with decreasing temperature. This i s  due both t o  :he 

increase  i n  appl ied  vol tage  a t  lower temperatures and t o  the  in-  

c r ease  i n  e f f i c i e n c y  a t  lower temperatures.  

power sources i t  provides not  only t h e  h ighes t  peak power but 

a l s o  very rugged, high r e l i a b i l i t y  performance. Its major draw- 

backs are the  very low duty cyc les  a s soc ia t ed  with these  devices.  

This i s  i l l u s t r a t e d  i n  columns 11 and 1 2  of T a b l e  IV-3 which shows 

the  performance of two LSA t r ansmi t t e r s  a t  S-band. Thus, d e s p i t e  

t h e  high peak power Sevels ,  average power levels are genera l ly  

less than 1 w a t  S-band, and o v e r a l l  e f f i c i e n c i e s  r a r e l y  exceed 

The average and peak power output  of an LSA t r ansmi t t e r  

Among s o l i d  state 



r v-61 

8-10%. These e f f i c i e n c y  f i g u r e s  inc lude  l o s s e s  i n  t h e  diode, 

modulator,  power sapply,  and frequency s t a b i l i z a t i o n  c i r c u i t r y .  

It i s  Lipected t h a t  by 1980-85 e f f i c i e n c i e s  of 15'/,1r,nv be achiev- 

a b l e  and peak powers of 700 w-1 kw should be r e a d i l y  a v a i l a b l e  i n  

t h e  2-4  GHz reg ion ,  Nevertheless ,  f o r  t h e  s y n t h e t i c  a r r a y  app l i -  

c a t i o n  t F ?  l o w  average powers and c . s p a r a t i v e l y  low e f f i c i e n c i e s  

would appear t o  p l a c e  t h i s  device  a t  a d i s t i n c t  disadvantage.  

The peak power performance of microwave semiconductor 

devices  i s  summarized i n  Figure IV-27 which shows t h e  peak power 

oii+but a v a i l a b l e  from t r a n s i s t o r ,  T rapa t t ,  pulsed Gunn, and ISA 

t r a n s m i t t e r s  as a func t ion  o f  frequency. T r a n s i s t o r  frequency 

m u l t i p l i e r  performance is a l s o  shown i n  t h i s  c h a r t ,  a l t h o t g h  

a d d i t i o n a l  da t a  on frequency m u l t i p l i e r  chains  i s  given i n  t h e  

nex t  sect ion. 

S o l i d  S t a t e  Modules and Frequency M u l t i p l i e r  Cha& - Step  

recovery diodes have been widely used f o r  e f f i c i e n t  high o rde r  

frequency m u l t i p l i c a t i o n  i n  s o l i d  s ta te  microwave c i r c u i t s .  

These devices  f a c i l i t a t e  t h e  use  of low-frequency d r i v e r  ampl i f i e r s  

i n  s o l i d  state modules and thus provide a s t a b l e  source  of enezgy 

a t  t h e  carrier frequency. Table IV-4 l i s t s  t h e  c h a r a c t e r i s t i c s  of 

va r ious  m u l t i p l i e r  ch6ins  capable  of providing r.i. powcr outputs  

of 5 mw t o  2 watts a t  S-band. 

t h e  total  average power r equ i r ed  i s  166 watts which would be sub- 

d iv ided  among the e i g h t  p r i n c i p a l  subarra)-s. S ince  each subar ray  

conta ins  6 t o  8 vertical  a r r a y s ,  i t  is f e a s i b l e  t o  cons ider  a 

s e p a r a t e  s o l i d  s ta te  module feeding  each ve-tical array. 

wotild r e q u i r e  an average power output  per  module of about 3 watts. 

The m u l t i p l i e r  chain shown i n  t h e  fou r th  column of Table IV-4 

uses  a s t e p  recovery diode t o  d e l i v e r  an output  of 2 wa t t s  a t  2.7 

GHz from an input  of 5 watts a i  4 5 0  MHz. 

uses a 2N5016 t r a n s i s t o r  i n  t h e  output  s t a g e  and t h e  r.f. output  

of t h e  m u l t i p l i e r  chain can be con t rn l l ed  by varying the  dc i i i p u t  

For t h e  s y n t h e t i c  a r r a y  a p p l i c a t i o n  

Tl-.is 

The d r i v e r  a m p l i f i e r  
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12V-C. 45A 

18V-O,6OA 

t o  the d r i v e r  vutput  skage. Typical performance data for t h i s  

m u l t i p l i e r  are shown i n  t h e  table below: 

1.8 0.65 37  

3.4 1. /+ 4i 

Mu1 t i p  1 ier bfu 1 t i p  1 i e r  
Power k t p u t  Output Ef f ic iency  

D.C. Input  (wat ts)  (watts) 

1 2.0  I 40 1 2LV-O.70A I 5.0 

3Gv-0.90A" 8.0n 3.0'- 385: 

i "Projected 1980-1985 capab i l i t y .  

Thus, it would appear t h a t  an  average power of 3 w a t t s  p e r  

module i s  n o t  an  rrnreasonakle expec ta t ion  f o r  t h e  1980-85 era. 

The m u l t i p l i e r  chain shown i n  t h e  f i f t h  column of Table TV-4 

uses  a s t e p  recovery diode as both a m u l t i p l i e r  and a phase s h i f t -  

er by c o n t r o l l i n g  t h e  b i a s  appl ied  t o  t h e  diode. 

s h i f t  as a func t ion  of b i a s  cu r ren t  may be obtained by proper 

design of the  bias network so t h a t  t h e  m u l t i p l i e r  chain can be 

used t o  cont ro l  t h e  phase of a r a d i a t i n g  element of  a s o l i d  scate 

ar ray ,  Thus, once t h e  ape r tu re  i l lumina t ion  of t h e  antenna has 

beer. s p e c i f i e d  t o  produce t h e  des i red  v e r t i c a l  p a t t e r n ,  i t  is 

f e a s i b l e  t o  design a s o l i d  stare a r r a y  cons i s t ing  of one t rans-  

Geiver module per  elanerzt where c m t r o l  of t h e  phase and ampli- 

tude of each element is e a s i l y  accomplished by t h e  b i a s  con t ro l  

network and the d.c. input  t o  tho output  st.-.ge of t h e  dl-iver am- 

p l i f i e r .  % s r e e r i n g  of t\e ar ruy  could a l s o  be accomplished by 

s h i f t i n g  ---e +ase of the  s i g n a l  received o r  t ransmi t ted  by the  

antenna element. 

s h i f t i n g  m d t i p l i e r  chain can be used as a locnf o s c i l l a t o r  i n  

each rece iv ing  module. Here a change i n  the phase of the  l o c a l  

o s c i l l a t o r  s ignd l  r 4 l  produce a corresponding phase s h i f t  i n  t he  

A i i n e a r  phase 

5 t he  r ece ive  mcde s f  t h e  r ada r  t h e  phase 
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in te rmedia te  frequency which is  equivalent  t o  s h i f t i n g  the  phase 

of t h e  received s igna l .  

The frequency m u l t i p l i e r  cha,ns l i s t e d  i n  Table  IV-4 u t i l i z e  

If a s i n g l e  va rac to r  for performing t h e  m u l t i p l i c a t i o n  process.  

higher power levels are requi red ,  s u b s t a n t i a l  improvements i n  the  

power handl ing c a p a b i l i t i e s  of va rac to r  m u l t i p l i e r s  can be achieved 

by thc  following techniques: 

1) Use of c i r c u i t s  &en t h e  r . f .  power is divided between 

2) U s e  of mul t ip l e  junc t ion  v a r a c t o r  diodes. 

3)  Use, of series stacked i a r a c t o r  diodes.  

two o r  more varactors. 

The cur ren t  s ta te-of- the-ar t  i n  multiFZe va rac to r  m u l t i p l i e r  chains  

is about 8 watts outyut  a t  2.7 GHz a t  a conversion e f f i c i e n c y  of 

55%. 

m d t i p l i c a t i o n  f r a n  90G M H z .  

achieved by using t r a n s i s t o r  d r i v e r s  conta in ing  i everal t r a m i s t o r s  

i n  p a r a l l e l  followed by p a r a l l e l  chains  of varac to r  rnu1:ipliers. 

With t h i s  arrangement 29 watts output  has been achieved a t  2.7 GHz 
which now opens up t h e  f e a s i b i l i t y  of us ing  a t r a n s i s t o .  d r iven  

m c l t i p l i e r  chain for dr iv ing  a complete subarray of the- s y n t h e t i c  

a r r a y  radar .  

This m u l t i p l i e r  u t i l i z e d  4 varac to r s  t o  achieve a 3 times 

S t i l l  h igher  output  powers can be 

Three types of s o l i d  state modules are l i s t e d  i n  Table IV-4. 
The performance of t h e  phase con t ro l  module is shown i n  the  l a s t  

coltrmn f o r  a C-ban? s o l i d  state radar .  For ap S-band r ada r  the  

ten times m u l t i p l i e r  shown i n  the  f i f t h  column of Table TV-4 

could be employed with pulse  output  powers of 1 watt per  module. 

Higher output  l e v e l s  can be obtained by increas ing  the  output  af 

t h e  low-frequency d r i v e r  ampl i f i e r ,  and i t  would appear t h a t  a 

s o l i d  state radar us ing  t h i s  approach can be mechanized f o r  t he  

s y n t h e t i c  a r r a y  app l i ca t ion .  The !ERA s o l i d  s ta te  modules have 

been success fu l ly  employed i n  var ious radar cont igura t ions .  

module includes a t r a n s m i t t e r ,  r ece ive r ,  and two phase s h i f t e r s ,  

This 



IV-66 

inc luding  log ic .  The t r a n s m i t t e r  input  is a t  S-band and t he  

output  i s  0.7 w pulsed s i g n a l  a t  X-band. 

ampl i f i e r  c o n s i s t s  of f i v e  t r a n s i s t o r  s t ages  providing a minimum 

gain  of 23 db a t  2.25 GHz and is opera ted  i n  SaturaLiun f o r  b e s t  

e f f i c i e n c y  and phase performance. An S-band, 2 s t a g e  preampli- 

f i e r  providin, 11 db gain is a l s o  included, so t h a t  t h e  r.f. 

module can be dr iven wi th  a 2 mw signal a t  2.25 GHz which is  

e a s i l y  obtained wi th  simple low-output m u l t i p l i e r  cha i rs .  This 

type of module without  t h e  S-X m u l t i p l i e r ,  could be ada?ted to  

t h e  s y n t h e t i c  a r r a y  a p p l i c a t i o n  by employing one module f o r  each 

vertical  a r r a y ,  which would r e q u i r e  pu l se  power outputs  of about  

20 watts. Thus, a ten-fold inc rease  i n  the  pu l se  power output  

would be r equ i r ed  which can be r e a d i l y  achieved by state-of-the- 

a r t  reaesigns of t h e  transmitter po r t ion  of t h e  module. Current 

power t r a n s i s t o r  development work In t h e  1.7-2.3 GHz and 2.6-3.2 
GHz ranges i n d i c a t e s  t h a t  p u l s e  power levels of 1 5  to 30 w a t t s  

are e a s i l y  achievable  and modules u t i l i z i n g  t h i s  technology should 

be a v a i l a b l e  by t h e  end of 1973. The o t h e r  module l i s t e d  i n  Table  

IV-4 i s  a CW s o l i d  state module which has  a 12 w output  a t  3 GHz 

and u t i l i z e s  a 1.5 GHz dr ive r .  

conve r s im e f f i c i e n c y  achieved by t h e  frequency doubler (n = 53%) 

and the  small amount of input  power requi red  t o  d r i v e  t h e  1.5 GHz 

preampl i f ie r .  These techniques are equa l ly  app l i cab le  t o  pu l se  

modules and i n d i c a t e  t h a t  by p- - ra l le l ing  high power t r a n s i s  t o r s  

i t  should be poss ib l e  t o  achieve t h e  requi red  pulse  power outputs  

t o  d r ive  the  subarrays.  

The S-band pulsed power 

I t s  main f e a t u r e s  are t h e  high 

I n  comparing vacuum tube t r a n s m i t t e r s  with s o l i d  s ta te  devices ,  

t h e  r e l i a b i l i t y  of t h e  t r a n s m i t t e r  i n  extended space opera t ions  

must be s e r i o u s l y  considered. Normally, t o  preclude ca t a s t roph ic  

f a i l u r e  of t h e  radar system, t r a n s m i t t e r  redundancy wouid be re- 
qui red  i f  vacuum tubes are employed. With s o l i d  s ta te  t r a n s m i t t e r s  

inherent  redundancy can be achieved by d i s t r i b u t i n g  the  t r a n s m i t t e r  
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Applicat ion 

CW (0.5-2 GHz) 

power among many t ransmi t te r - rece iver  modules, which guarantees  

t h a t  f a i l u r e  of a few modules w i l l  n o t  g rea t ly  impair t h e  per- 

formance of the radar system. 

achieved by p a r a l l e l i n g  t r a n s i s t o r s  i n  the transmitter modules, 

which would aga in  guarantee a g a i n s t  c a t a s t r o p h i c  f a i l u r e  of a 

module. 

b i l i t y  comparison between vacuum tubes and s o l i d  state devices  

un le s s  t h e  two devices  can be interchanged on a one-for-one bas i s  

without  performance d i f f e rences .  I f  one cons iders  all f a c t o r s  

such as s i z e ,  weight, c o s t ,  and r e l i a b i l i t y  i n  such an  a n a l y s i s ,  

then t h e  t a b l e  below is  a rough ind ica t ion  of t h e  r e l a t i v e  merits 

of the d i f f e r e n t  transmitters i n  a phased a r r a y  r ada r  system. 

Fur ther  inherent  redundancy can be 

Despi te  t hese  advantages i t  i s  n o t  easy t o  make a relia- 

Tube S o l i d  S t a t e  
Grid Beam T r a n s i s t o r  Diode 

Avg. Avg. Good Poor 

High I k t y  Pulse (0.5-2 GHz) 

Low Duty Pulse  (0.5-2 GHz) 

CW (2-8 GHz) 

Good Good Good Poor 

Exc. Cood Poor Poor 

Avg . ad Good Avg . 
High Duty Pulse  

Low Duty Pulse  (2-8 GHz) Good 

It is  t o  be emphasized t h a t  t he  r a t i n g s  i n  t h i s  t a b l e  do n o t  t ake  

i n t o  account t he  inherent  r e l i a b i l i t y  advantages of s o l i d  s ta te  

devices  enumerated above, and, t he re fo re ,  should only be used i n  

comparing the  var ious  devices  on a one-for-one bas i s .  

Padar Receiver Front  Ends - A cons iderable  amount of progress  

hns been made i n  t h e  development of 103-noise f r o n t  ends f o r  r ada r  

r ece ive r s .  

improving in no i se  f i g u r e ,  outp1.t power and ga in ,  l a r g e l y  through 

improved b ipo la r  devices  and microwave f i e l d  e f f e c t  t r a n s i s t o r s  

Broadband s o l i d  s ta te  ampl i f i e r s  have been s t e a d i l y  
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1 Non-De gene ra t e 
Paramp I (Cooled) 0.23 DB 15°K 0.27 DB 18% 

, D q e n e r a t  e 

Travel ing 
:Wave Maser 0.06 DB 4% 0.09 DB 6% 

/Paramp. (Cooled) . 0.18 DB 12% 0.21  DB 1L.% - 
1 
1 

as w e l l  as the  employment of cooled and lmcolled parametr ic  am- 

pLi f i e r s .  A sunmary of the  performance of variLt-1: f r o n t  ends is 

given i n  Table IV-5. It is of in te res t :  t h a t  f o r  t he  s y n t h e t i c  

array ap? l i ca t ion  a simple f r o n t  end would be d e s i r a b l e  i n  o rde r  

t o  maintain r ece ive r  module s i m p l i c i t y  and r e l i a b i l i t y .  

e i t h e r  MSFET o r  b ipo la r  t r a n s i s t o r  ampl i f i e r s  would appear to be 

a natural. choice f o r  a low-noise f r o n t  end a t  S-band. 

Thus, 

Table I V - 5  Low-Noise Receiver Front Ends - Current State-of-the-Art 
2 G H Z  4 GHZ Type of Front End 

I Noise Figure 1 Noise Temp. Noise Figure '  Noise Ter 2 .  

IImage SSB Mixer ! 
~(FIF = 1.5 DB) 5.54 DB 750% 5.76 DB 800% I 
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Power Requirements 

Most of t h e  l i t e r a t u r e  on s y n t h e t i c  ape r tu re  radar  (SAKI theo- 

ry d e a l s  with imaging i s o l a t e d  po in t  t a r g e t  f i e l d s .  This theory 

shows t h a t  f o r  i d e a l  p o i n t  t a r g e t s ,  t h e  r e s u l t i n g  doppler h i s t o r i e s  

can be compressed (i.e., match f i l t e r e d )  with a da ta  processor.  

The s ignal- to-noise  r a t i o  iit t h e  processor  output  i s  increased 

over  i t s  input  va lue  by approxizx?tcly t k  a l m g - t r a c k  time-bandwidth 

product ,  t h a t  i s ,  t h e  time to generate  t h e  s y n t h e t i c  ape r tu re  times 

t h e  doppler bandwidth generated.  The above type of pzrformance 

assumes p e r f e c t  pu l se  t o  pu l se  coherence ( n e g l i g i b l e  phase e r r o r s  

while  genera t ing  a s y n t h e t i c  aper ture) .  

used t h e  output  s igna l - to-noise  is  a l s o  increased  by t h e  range 

time-bandwidth product i f  matched process ing  techniques are u t i l -  

ized. I f  a l l  t h e  SAR da ta  i s  not  coherent ly  processed then t h e  

r e s u l t i n g  output  s ignal- to-noise  r a t i o  is reduced by t h e  r a t i o  af  

t h e  two-dimensional bandwidth a s soc ia t ed  wi th  t h e  da t a  t o  t h e  

bandwidth incorpora ted  i n  t h e  processor .  

I f  pu l se  modulation is 

When c l u t t e r  maps of extended su r face  are of i n t e r e s t ,  t h e  

po in t  t a r g e t  theory of SAR systems does n o t  d i r e c t l y  apply.  

C l u t t e r  i s  measured as an  r.m.s. value;  and except  f o r  magnifi-  

ca t ion ,  i t  is  t h e  same i n  a l l  planes of t h e  processor  ( i . e , ,  a t  

t h e  inpu t ,  Four ie r  transform, and output  planes) .  To e l imina te  

much of t he  confusion a s soc ia t ed  wi th  designing SAR sys t ems  f o r  

ground mapping use ,  l e t  us now consider  t ransmi t ted  power requi re -  

ments. 
L 

According to t h e  r ada r  range equat ion t h e  rece ived  peak power 

i s  given by 

Pt G A 

( 4 n R  
- - 

2 2 ?  pr (IV-15) 
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where P is the peak power transmitted t 
G is the antenna gam 
A is the effective collecting aperture 
R is the one-way range t o  the target 
u is the radar cross-section 

Now for an extended rough surface the cross-section is 

(IV-16) O = D  a 

D 

0 

where 
is illuminated. But the illuminated area is 

is the cross-sec’ion density and a is the area which 
0 

(IV-17) 

where 

and 

p R  is the range resolution 
C is the range canpression factor r 

e is the antenna pointing angle measured from the orbital 

1 is the transmitted wavelength 
plane 

D is the effective length of the antenna aperturc 
(along-track dimension) 

track dimension. 
y is the illumination factor of the antenna in the along- 

The radar range can be expressed in terms of the operational alti- 

tude as 
R = H sec 8 ( IV- 18 

The relationship between antenna gain and effective area is 

G = -  45r A (IV-19) 
A 2  

Substituting equations (IV-16)-(1V-19) into (IV-15) yields 
2 pt A (Jo cR e 

p = -  
3 47~ H A D sin 8 r 

r 

(IV- 20 

The equivalent noise at the input of the receiver is 
Pn = kT F B (IV-21) 
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where k = 1.38 x joules is Boltzmann's constant. 
T id the absolute temperature 
F is the receiver noise figure and atmospheric losses 

and B is the transmitted range bandwidth 
Before taking doppler processing into account the signal-to-noise 

ratio, according to equations ( I V - 2 0 )  and ( I V - 2 1 )  is 
2 P pt A go cr pr e 

4~ H 3 D kTFB sin 8 
- = - =  S r  

r 
The average transmitted power is given by 

Pave = Pt T (PRF) 

where T is the transmitted pdse length. 
Now to a good approximation we have 

(IV-22) 

( I V - 2 3 )  

( I V - 2 4 )  CT = -  
'rPr 2 

where c is the spead of light in free spacz. 
Substituting equation ( I V - 2 4 )  into ( T V - 2 2 )  and then simplifving the 
result by using ( I V - 2 3 )  yields 

P A' 0 Y c cos3 8 

8n H3 h Dr kTFB (PRF) sin 5 

S ave 0 - =  ( I V - 2 5 )  

For a SAR system operating unambiguously, a data processor can in- 

crease the above signal-to-noise ratio by the ratio of the PRF to 
the recorded doppler bandwidth, that is 

s (PRF) (;) out = -- 
fcl 

( T V - 2 6 )  

Thi.s is true since filtering down to the doppler bandwidth discrim- 
inates against the system noise but not clutter energy. However, 

additional filtering reduces the clutter (signal) and receiver 

noise equally. The doppler bandwidth is approximately 

2 P f d =  y -  
Dr 

( I V -  2 7 
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where V is the speed of the radar with respect to the target field. 
Combining equations (IV-25)-(IV-27), we obtLLn the desired 

result 3 9 

P AL 0 c cos’ 0 

16n H y V kTFB sin f3 

ave 0 

3 - out = (’) (IV-28) 

Solving the above expression for average transmitted power yields 

16n H3 X V kTFB sin 0 

A 0 c 0 2 P =  ave 
0 

( IV- 2 9 ) 

?he above equation for average transmitted power required to 
map surface clutter is expressed in such a form that is essen- 

tially invariant to th? processor implementation. It does not 

depend upon the processed range and along-track bandwidth, the 

presence of phase errors, or che utilization of mixed integration, 
The above expression will noH be evaluated for illustrative pur- 

poses. 
- 

The parameters for a dual beamwidth system at e = 0.5 are: 

X = 0.1 m (S-band) 
u = 0.06 
0 

F = 14.8 (11.7 db) 
H = 1481 km 
V = 8.692 x 10 m/sec 
0 = 30’ 

6 B = 3 x 10 
kT = 1.38 x 
A = 12.80 m2 = 3.50 m x 3.66 m 

3 

Hz (i.e., ground range resolution = 100 m> 
joules (T = 1030K) 

($out = 10 

Substituting the above values into equation (IV-29) yields 
P = 166 watts ave 
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Ambiquity Spectrum o f  Synthet ic  Aperture Radar 

It can be shown t h a t  t h e  azimuthal complex s i g n a i  modulation 

rece ived  by a Syn the t i c  Aperture  Radar ( S A R I  from a poin t  s c a t t e r -  

er i s  determined i n  amplitude by the  geometry of t he  sys tem and 

by t h e  f a r - f i e l d  two-way p a t t e r n  i n  range. 

a t i n g  with a p e r i o d i c  pulse  modulation which func t ions  near  t he  

ambiguous l i m i t ,  a l i a s e s  w i l l  occur which overlap i n t o  t h e  pass- 

band of t h e  matched f i l t e r .  These aliases can be separa ted  i n t o  

those  occurr ing  i n  azimuth and those occurr ing  i n  range; t h e  re- 

s u l t  i s  a two-dimensional unambiguous response degraded by an 

e f f e c t i v e  c l u t t e r  level due i o  t h e  overlapping aliases. 

For a system oper- 

Figure IV-28 shows t h e  two-way antenna i l lumina t ion  p a t t e r n  

i n  t h e  range d i r e c t i o n .  The range swath width occupies the  cen- 

t r a l  po r t ion  of t h e  two-way antenna range p a t t e r n  and the  range 

ambigui t ies  f o l d  i n  about t h e  unambiguous range swath (-1’ 
which is  determined by t h e  PRF. 

C 
2PRF 

The r a d i a t i o n  p a t t e r n  i n  one plane of a rec tangular  ape r tu re  

can be w r i t t e n  i n  t h e  form G = F(TX). 
where Xr - - (IV-30) D s inS r 

x 
range ape r tu re  dimension 

angle  from t h e  antenna bores ight  

wavelength 

The r a d i a t i o n  p a t t e r n  i n  t h e  azimuth d i r e c t i o n  can be w r i t t e n  i n  

a more convenient form. 

where f is  t h e  doppler frequency D 
V is  the  antenna VelozLL) 
B = -  2v i s  ternled the  doppler bandwidth of t he  s y s t m .  

Da 
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I n  the  range d i r e c t i o n ,  X i s  def ined by equat ion IV-30 and 
c ses 

2 PRF 
The range swath (W) is approximately 

the  unambiguous swath = as shown i n  Figure IV-28, where 

y s  t he  graz ing  angle .  

equal t o  2R5 csc$  and the  angle  t o  the  edge of the  unambiguous 
C (Tan $1 range swath is  given by 5 - u - 4Ro' 

From equat ion IV-30 and t h e  angle  t o  t h e  edge of t h e  unam- 
biguous range swath, t he  range c r i t e r i o h s  = 2X - - 2Dr s i n  

r r 'm' can be defined. 

Ambiguity levels f o r  t h r e e  va lues  of S (range c r i t e r i a s )  r 

These f i g u r e s  are d isp layed  i n  a 

and th ree  va lues  of PRF/B have been computed and are p l o t t e d  i n  

Figures  IV-30 through IV-43. 

s i m i l a r  fash ion  to  Figure IV-29 except  t h e  va lues  on t h e  abscessa 

are normalized wi th  r e spec t  t o  t h e  bandwidth (B). 
levels f o r  each va lue  of f D  (X) have been summed to  give a re- 

s u l t a n t  level relative to  t h e  unambiguous response a t  both t h e  

c e n t e r  of t h e  range swath and a t  t h e  edge. 

pal cula ted  f o r  uniform and cosine amplitude i l lumina t ion  of t h e  

ape r tu re  with uniform phase d i s t r i b u t i o n  i n  each case. The va lues  

of Sr (range c r i t e r i a )  and PRF/B(X) correspond t o  the  6 db, 16 db, 

and 26 db beamwidths of t h e  twc-way antenna pa t t e rn .  

The ambiguity 

'g 

The response has been 

Rela t ive  l e v e l s  of t h e  unambiguous r e t u r n  f o r  a zero doppler 

frequency are given i n  Tables IV-6 and IV-7. 

t h a t  t he  range swath is i l lumina ted  by a 6 db beamwidth of the  

two-way pa t t e rn .  

'r 
mid range and approximately equal  t o  t h e  unambiguous response a t  

f a r  range. For Sr = 1.356 and 1.856 (16 db beamwidth) t he  ambi- 

gu i ty  l e v e l s  are acceptab le  f o r  cos ine  i l lumina t ion  ( >  20 db down) 

but  are too high i n  t h e  chse of uniform i l l m i n a t i o n .  

some i l luminat ion  taper  is d e s i r a b l e  i f  t h e  unambiguous doppler 

bandwidch is  between the  16 db l e v e l s  of t he  two-way pa t t e rn .  

It has been assumed 

These t a b l e s  show t h a t  t h e  ambiguity l e v e l s  f o r  

= 0.885 and 1.186 (6 db beamwidth) are less than 20 db down a t  

Consequently 
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Range Beamwidth (db) 
J 

Azimuth 
Beamwid th 

PW/B 

Mid- Range Far-Range 

6 16 26 6 16 26 ------ 
6 24..3 24.9 25.0 7 . 3  18.9 19.0 

16 3 2 . 4  4 2 . 6  4 3 . 2  7 . 6  3 4 . 4  37.2 

Table N - 6  Ambiguity Levels for Zero DopDler Frequency With 
Uniform Antenna Illumination 

Range Beamwidth (db! 

Mid- Range Far-ran ye 
Azimuth 

Beamwid th 
6 16 26 6 16 2€ PW/B - - - - II - 

6 2 6 . 6  22.5 24 .2  -3.12 21.6 21.0 

16 2 3 . 2  20.9 21.9 -3.16 17.6 17.4  

26 2 5 . 4  22 .0  23.5 -0.13 2 0 . 1  29.7 

Table IV-7 Ambiguity LevpJs for Zero Doppler Frequency With 
Cosine Antenna Illumination 

26 3 2 . 8  50.4 58.1 7 . 6  3 7 . 4  5 2 . 2  







IU-78 



CI 
m n 
Y 

b g 40.00- 
ml 
0 

al 4 a g -50.00- 

c I I -60.00- 

F i v e  IV-31 k i m 3  Chann-21 h b i g . i i t i e r  - Cosine Antenna 111Lrnination (Hid-RanGt) 

I I I J 



IV-80 



IV-81 

0 0 

rl 



IV-82 

-10.00 - - 
Ambiguity 
Level 

-40.00-- 

-50.00 -- 

-1.00 -0.15 -0.50 -0.25 0.00 0.2s 0.50 0.15 1.00 
X - PRT C-2b dD) - 

Figure IV-34 Arlmuth Channel knblgultles - Un1tormly I l l m l n r t e d  Antenna (Mld-Rcrtgc) 
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Flgurc IV-35 Azimuth Channel M i g u i t i c s  - Cosine Antenna Illurnination (Mld-Range) 
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Figure IV-38 Azimuth Channel knblgul t ler  - Unlfonn I l l m l n a t l o n  (Far Range) 
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Radar Sys tern Augmentation 

The Venus mapping radar study has concentrated on a single- 

frequency and s ing le  polar izat ion radar which is designed p r i -  

marily f o r  topography. Badar s y s t m s  u t i l i z i n g  dual frequency 

a33 dual polar izat ion are considered accessory i t e m s  in t h i s  

study, which can be added to  the  baseline system. The estimated 

cos t  of the  addi t ional  equi-t is determined as cost  above the 

basic miniplum cost  baseline systems. The value of these instru- 

ments i n  terms of science re turn  is discussed i n  the  science sec- 

t ion  of t h i s  report. 

cus sed be low. 

The implementation of these modes is dis- 

Dual-Pblarization Radar - We w i l l  assme t h a t  the  s ingle-mde 

radar uses a like- or parallel-polarized return. 

of a cross-polarized channel requires  the  addi t ion of a waveguide 

:- *e separator or a cross-polarized antenna feed, addi t ional  re- 

. =- ?vir, additiorial presmxner, and addi t ional  bulk s torage capa- 

o i i i t v ;  i.e., duplication of t he  receiver and data processing 

s y s t e m  is shown in Figure l + d - 4 4 .  

IBtplementation 

An alternate inerhod w u l d  be to multiplex the  receiver  and 

presrrmPer using altemate PRFs. However, t h i s  would double the  

required transmitter power and l i m i t  the  PRF t o  one-half of the  

single-channel maximun. 

Assrrpping t ha t  the receiver and presumner power and weight are 

s m a l l ,  the  primary e f f e c t  of introducing a cross-polarized channel 

is the doubling of the  required d a r ~  rate. 
Dual-Frequency Systan - Assume t ha t  the normal radar operates 

a t  a high frequency (X- o r  S-band) an2 t h a t  the second frequency is 

lower (L-band). 

mappAng. 
and would be used t o  estimate surface rottghness, d i e l e c t r i c  con- 

s t a n t ,  e tc .  

The high frequency -*uld be used for topographic 

The lower frequency w d d  operate a t  the  same resa lx t ion  
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We w i l l  assume that an antenna with a camon r e f l e c t o r  and 

dual feeds (one f o r  each frequency) is used. 

same aperture i l l m i n a t i o n  functions, the  longer vgvelength 

channel w i l l  have a wider beamwidth. This is amre s ign i f i can t  

i n  the  range dimension since it  increases the required unambigu- 

ous range interval, thus possibly requi r iag  a lowering of PRF. 

Then, assuming the 

In  the azimuth channel, the  doppler bandwidth is unchanged, 

but the  synthet ic  aper ture  length is  increased. Thus, azimuth 

sampling and presumning are not  a f fec ted  by changing the  wave- 

length, but the  azimuth processing compression r a t i o  is increased. 

This latter e f f ec t  i s  s ign i f i can t  only i f  on-board processing is 

used. 

Implementation of a dual-frequency system would require  the 

addition of a second Stalo,  t ransmit ter ,  receiver, and processing 

system. 

m i t t e r s ;  however, s ince  the  power and weight requirements of the 

modulator are small, mission r e l i a b i l i t y  would be enhanced by 

using a separate modulator. 

Stalo and generate the  two reference frequencies using a mult iple  

chain. 

choice used. 

The modulator could be time shared between the two trans- 

Another option is t o  use a s ing le  

In t h i s  case, r e l i a b i l i t y  fac tors  would d i c t a t e  the ac tua l  

PRF and system timing fo r  the  dual-frequency system would be 

ident ica l  with the exception of a fixed delay between the two 

systems t o  prevent simultaneous operation of the  two transmitters.  

A simplified block diagram of the  dual-frequency system is shown 

in  Figure IV-45. 

In  sumary, the  addition of a dual-frequency papabili ty re- 
quires duplication of the t ransmit ter ,  receiver  ana data process- 

ing system. Only the radar timing system and data s torage system 

could reasonably be shared. 

required and, i f  range ambiguities a r e  severe, an increase i n  the  

size of the range aperture  a t  the lower frequency would be required. 

An addi t ional  antenna feed would be 
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As in the  case of a fine-resolution mode discussed i n  the  data 

handling d isc-ss ion ,  the  most ser ious impact of a dual-frequency 

or dual-polarization system appears t o  be the  increased data rate 
and da ta  vollppe i f  the same mapping area is used. 

rates are ava i lab le  ea r ly  in the  mission when the  Earth-Venus 

dis tance is a t  a minimup. 

and weight requiranents associated with a dual-mode system would 

only be used ea r ly  in  the mission. 
expected from the  addi t ional  spacecraft  complexity would have t o  

be weighed against any expected mission l imi ta t ions  caused by 

the  addi t ional  power and weight requirements. 

polarized system, the  major addi t ional  power and weight require- 

m e n t s  res ide  i n  the  data s torage and telemetry system. 

dual-frequ ncy system, s ign i f i can t  addi t ional  power and weight 

is required f o r  the transmitter as well  as the  data handling 

systen. 

longer wavelength could a l s o  have a s ign i f i can t  impact on antenna 

design and could completely r u l e  out  a dual-frequency system, 

Reduction o f  Antenna Size 

Higher data 

This suggests that the  addi t ional  power 

The Emited science return 

For the  dual- 

For the  

In addi t ion,  range ambiguity problems introduced by the  

An antenna s i z e  of 1 x 10 meters has been proposed f o r  the  

Venus o r b i t e r  radar. 

3 db beamwidths of 0.5 degrees and 5 degrees i f  i t  is assumed that 

the  antenna is unifonnly i l luninated.  

poss ib i l i t y  of thinning the aperture to reduce weight while pre- 

serving the  required beamwidths and s ide  lobe levels.  

A t  a wavelength of 10 cm t h i s  would provide 

This sect ion discusses the  

A w e l l  known technique i n  radio astronomy (Ref. IV-15) com- 

bines the signals from tuu elements many wavelengths apar t  in 
such a way t ha t  the  r e su l t an t  pat tern is the  product of the  ele- 

ment rad ia t ion  pa t te rn ,  the  interferometer pa t te rn  and the pa t te rn  

due t o  the  e f f ec t ive  dis tance between the phase center  of the 

interferometer. The disadvantage of t h i s  system is tha t  i t  
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produces high s i d e  lobes (about -6 db) but i n  our case we have a 

two-way pa t t e rn  and t h i s  should reduce s i d e  lobe l eve l s  t o  accept- 

a b l e  values. 

'pwo omnidirectional r ad ia to r s  spaced a d is tance  d gives the  

rad ia t ion  pa t t e rn  

kd s i n  8 f ( 0 )  = 2 cos ( ) ( IV-32;  

= angle  from vertical t o  plane of rad ia tors .  2 where k = A 
Zeros occur a t  

Maxima occur a t  

= ?, F, (2N+1) 
( IV-3  3 

i d s i n  @ R 3 n  
x 

nd s i n  0 - - 0, 7, ... NT x 
J 

I f  fu r the r  elements can be placed i n  pos i t ions  which produce 

r ad ia t ion  pa t te rns  with minima a t  the off-axis maxima of the  bas i c  

interferometer  pa t te rn ,  t he  product of the  pa t t e rns  w i l l -  r e s u l t  i n  

suppression of the  off-axis lobes. Put 

f ( 0 )  = 2 cos J, ( I V - 3 4  

where $ = mi si.. 8 

then the  r e s u l t a n t  two-way pa t t e rn  is given by 

N 

K=l 
( I V - 3 5 )  g(8) = 2 N n cos($) 

where N is an integer .  

F i r s t  consider the case when N=2,  i.e., 

g(0) = 4 cos 4 cos $J/2 ( I V - 3  6 )  

I n  order  t o  suppress the  far-out s i d e  lobes the  elements must be 

d i r ec t iona l .  Assuming t h a t  they are uniformly i l l m i n a t e d  we ge t  

( I V - 3 7 )  2 2 
J , g / $ g  G(6) = 4 cos $J cos $/2 s i n  

where $Jg = IT 11 s i n  6 and .E i s  the element length with a l l  elements 

having equal length.  

Figure IV-46. 

ceive. 
II = d/4. 

d=50h). 

aiid the pa t t e rn  is unacceptable. 

The configuration of the  a r r ay  is shown i n  

Elements 1 and 3 transmit and elements 1 and 2 re- 
Figure IV-47  shows the r e su l t i ng  rad ia t ion  pa t t e rn  when 

This pa t t e rn  has a gra t ing  lobe a t  $Jl = 38 (0-2.240 f o r  

Despite l a rge  element sizes t h i s  has not been suppressed 
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IC- E - 4  

Figure IV-46 Three-Element Array 

The next  s t e p  i s  t o  put  N=3 i n  equation (N-35). The array 

configurat ion appropr ia te  t o  t h i s  pa t t e rn  is shown i n  Figure IV-48. 

Fcgure IV-48 Four-Element Array 

Elements 1 and 4 

G ( 6 )  = 8 

t ransmit  and elements 1, 2, 3 and 4 receive.  Thus 

COS + cos +/2 cos +/4 s i n  ( IV-38)  2 2 
+ L / + i  

The p a t t e r n  corresponding t o  t h i s  equation i s  shown in  Figure 

IV-49 with 11 = d/5. 

obtained. Further  reduct ion i n  R results i n  a s i g n i f i c a n t  g ra t ing  

lobe a t  9 = 45 degrees. 

I f  we t ake  d=50X t he  required beamwidth is  

The a r r a y  shown i n  Figure IV-48 could b e  designed without much 

d i f f i c u l t y  but would add t o  the  complexity of t h e  system. 

a r r ay  s ize  has been cocsiderably reduced but  probably not  s u f f i c i e n t -  

ly t o  j u s t i f y  t h i s  system as a v iab le  a l t e r n a t i v e  t o  t h e  s i n g l e  

aper ture .  

couid be reduced f u r t h e r  but  t he  g ra t ing  lobe very quickly approaches 

the  s i z e  of t he  main lobe as the  length i s  reduced beyond 0.15d. 

The 

I f  h. he r  s i d e  lobes were acceptab le  the  element length 
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Range and Azimuth Ambiguity Elimination for Elliptical Orbits 

These paragraphs discuss the antenna size, side look angle, 
and PRF requirements for the elimination of range and azimuth am- 
biguities for the Venus mapping radar in an elliptical orbit. In 
our design, we arbitrarily require that the ambiguous clutter re- 
turn be at least 20 db below the main lobe return in the doppler 
bandwidth being processed. For simplicity, the design assumes a 
uniformly illuminated rectangular aperture. 

We define antenna beamwidth in terms of the two-way antenna 
power gain. For a uniformly illuminated rectangular aperture, the 
6 db beamwidth is 

B 6  db = 0.885 X/D (IV- 1) 

where is the wavelength and D is the aperture dimension. Th 
16 and 26 db beamwidths are 

db = 1.356 X/D (IV-40) ’ 16 
and 

db = 1.615 AID 

The illuminated swath width is 
26 

W = R csc JI Br 

JI = grazing angle 
B = range beamwidth r 

where R = slant range 

The two-way propagation delay is 

AT - 2w cos JI C 

2R = -  ctn J! Br 

(IV-41) 

(IV-42 I 

(IV-43)  

where C is the velocity of propagation. 
Now, if we require the illuminated swath to be within the 6 

db range beamwidth, then from equations (IV-39) and (IV-42) we get 
a lower beamwidth constraint: 
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(IV-44) W 13 db s i n  $ 
r6 

o r  
RA Dr - < 0.885 w CSC J, (IV-45) 

To prevent s ign i f icaEt  range ambiguities,  we r equ i r e  t h e  two- 

way propagation delay over the  unambiguous range swath t o  be less 
than the  PRF in te rva l .  

vol1me it i s  shown t h a t  far-range ambiguities can be kept  20 db 

below the  far-range response i f  t he  two-way pa t t e rn  is 16 db 

down at the  edge of the  unambiguous range in t e rva l .  We then 

requi re  

In  ambiguity spectrum sec t ion  of t h i s  

(IV-46) 1 pRF 1 AT16 db 

where ATl6 db is the unambiguous range delay. 

(IV-401, (IV-431, and (IV-46) we requi re  

Then from equations 

1 - >  c tn  J, e r  
16 db PRF- c 

o r  

( IV-47 

Cmbining equations (IV-44) and (1'---+8), we get  t h e  range aper ture  

cons t ra in t :  

2.71 Rx (PRF) c tn  J, 2 Dr 2 0.885 w RA csc J, (IV-49) 

The theo re t i ca l  azimuth reso lu t ion  of a SAR is 

r a = Da/2 (IV-50) 

Hence, an upper bound on the azimuth aper ture  i s  

D a < 2 r a  (IV-51) 

For the Venus mapper, Da > 30 m; hence, spacecraf t  l imi t a t ions  w i l l  

p lace a more severe upper bound on Da than given by equation ( IV-  

5 ' 1 .  A lower bound on Da is determined by azimuth sampling ambi- 

gu:' :.es. The two-sided doppler bandwidth, when the  antenna is  

centered a t  zero doppler, i s  
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2v Bd 2 - B, h 
i IV- 5 2 

Now only the  doppler spectrum v + a r  zero is  processed. 

gu i ty  spectrum sec t ion  i t  is shown t h a t  the  ambiTuous doppler 

spectrum at  zero doppler c m  be kept 20 db below the  main Lobe 

signal if 

I n  ambi- 

- 
- 2v PRF > Bd - -  

6 db db 

or i r o n  equations ( I V - 3 9 )  and ( I V - 5 3 1 ,  
V Da > 1.769 ~ R F  

( I V - 5 3 )  

( I V - 5 4 )  

From equations ( IV-48)  and ( I V - 5 4 1 ,  we ge t  the  PFE cons t ra in t :  

tan Q r CD V 1.769 - 5 PRF 5 0.369 
Da 

(IV- 5 5 ) 

I f  we use the  upper bound on Dr, given by equation ( I V - 4 5 1 ,  ti. 

PRF cons t ra in t  becanes 

IV- 5 6 v C 1.76 D 5 PRF - < 0.326 E sec J, 
a 

i f  
= 0.885 w Rx csc J, 

Dr ( I V - 5 7 )  

Using the  extreme le f t  and r i g h t  s ides  of equation (IV-55) r e  

ge t  t he  antenna area constraint: 
RAV 4.80 - c tn  $ C A = DrDa (IV- 5 8 1 

Note t h a t  equation ( IV-58)  is  valid 

s t r a i n t  given by equation ( I V - 4 5 )  i s  s a t i s f i e d .  

i f  the range ape i tu re  con- 

I f  D i s  given by equation ( I V - 4 5 ) ,  then from equation ( I V - 5 8 1 ,  a 
the  azimuth ape r tu re  cons t r a in t  is 

Da 5.42 2 C cos J, ( IV-5 9 ) 

We use the  following design s t r a t egy  f o r  an e l l i p t i c a l  o r b i t .  

We s i z e  the  range aper ture  -it perigee f o r  a 30 
s i d e  look angle. 

0 1) 



2) Using the  range aper ture  given by s t e p  11, we size 
the  azimuth aper ture  a t  the p o i r t  at which the  radar  
laps the  region nea res t  t he  poles n t  a minimum s i d e  
look angle  of 5'. 

If ambiguity cons t r a in t s  cannot be s a t i s f i e d  ilsing 
s t e p  21, a mult ip le  range beamwidth antenna w i l l  be 
used. 

3) 

Radar mapping parameters are given i n  Table IV-8,  IV-9, and 

IV-10 f o r  zero doppler azimuth t racking with s i d e  look angles of 

0 chrough 30 degrees i n  five-degree s teps .  

Hence, f o r  a c i r c u l a r  o r b i t  with a 30 degree look angle,  the  

required parameters are 
9 =: 57.79' 

W = 6 5 k m  

R = 467.1 km 
V = 7.097 laa/sec 

Fran equation (IV-57), the maximum range aper ture  i s  

D = 0.751 m ( IV- 60 ) 
L' 

Fran equation (IV-391, the corresponding 6 db two-way beamwidth is 

B = 6.75 degrees (118 m a d )  
'6 db 

From equation (IV-571, the upper PRF cons t r a in t  is  

PRF 5 2824 Hz (IV-  62 1 
Using the  upper bound f o r  th? PRF, the lower bound on Da is  given 

by eqxi t ion (IV-54) 

Da 2 4.45 m ( IV-  63 
The corresponding 6 db azimuth beamwidth is 

0 = 1.14 degrees 
a6 db 

Then, f o r  a c i r c u l a r  o r b i t ,  the  nominal cons t r a in t s  are 
Dr < 0.75 m 

Da > 4.5 m 
PRF < 2800 Hz 

( IV- 64 1 
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Table I V - 8  Radar Mapping Parameters fo r  

Zero Doppler Azimuth Pointing 

e = 0.0 
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l 6 C U L  
162 32 
16203 
16201 
16203 
16201 
16201 
16202 
16133 
16202 
16203 
16201 
16202 
LO202 
1625 I 
16203 
16202 
16201 
1b202 
1 6 2 U I  
1620 1 
16232 
1 62dZ 
16253 
I6252 
I6202 
I 6 2 0 2  
16202 
16202 
16232 
1620 I 
l o Z 3 J  
16202 
16102 
16202 
1620.2 
16LU3 
lb20Z 
1 6 Z U L  
16201 
16201 
L6201 

A Z I M U T H  
APE WTURE 
I W T E R S J  

0.17 

0 . n  
0.17 
o.rr  
o . rr  
0.77 
0.77 

0.77 
0 . 7 1  
0. 7r 
0.77 
0.77 
0 . 7 r  
0 .17  
0.77 
0 .77  
0.77 

0 . 7 1  

0. 7 1  
3. i r  
0 .77  
Q. r7 
0.  r r  
0.7~ 
0.77  
0 . r 7  
0.77 
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0 . 7 7  
0 . 1 1  
o. r r  
o . r r  
0 . 7 1  
0 . 7 1  

r). 17 

0.71 
0.17 

0.17 

0.77 

0.71 

0 .71  

0.77 
0.17 
0.71 
0.71 
0.77 
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RbDAR HAPPING PAWAYETLRS FOR Z t R O  DGPPLER A L I M U T t i  POfNTlNG 

O R B I T  f ~ C E N T M l C 1 1 Y  0.0 
SJCE-COOfi  ANGLE 10.0 DEGREES 

SMATH WIDTt i  6S.O W 
WAVELENGTH * 10.0 CH 
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72.0 
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76.0 
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86.0 
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0.009 
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0.026 
0.035 
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0.1 15 
0.123 
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0.141 
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0.167 
0.176 
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0. LO3 
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0.29 1 
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C.326 
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0.344 
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0.361 
0.370 
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0.3UH 
0. J97 
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406.6 
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406.6 
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406.6 
406.6 
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406.6 
406.6 
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406.6 
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406.6 
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406.6 
406.6 
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7.097 
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7.097 
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1.097 
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1.097 
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0.0 
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0.0 
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79.3 
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79.3 
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40.0 
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46.0 
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54.0 
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50.0  
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7 8 . 0  
03.0 
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-0.7 
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0.56 
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0.56 
0.55 
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0. S 6  
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0.56 
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a132 
8132 
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8132 

0132 
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8132 
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U1J2 
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0132 
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8 1 3 2  
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0132 
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8132 

IL Intirn 
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1.54 
1.5% 
1.54 
1.54 
1.54 
1.54 
1-54 
1-54 
1.54 
1.54 
1.54 
1.54 
1-54 
1.54 
1.54 
1.34 
1-54 
1.54 
1.54 
1 - 5 4  
1.54 
1.54 
l.!A 
L. 54 
1.54 
1.51 
1.54 
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1.54 
1.54 
1.54 
1.54 
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1.54 
1.54  
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1.54 
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1.54 
1.54 
1.54 
1.54 
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0.159 
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0.176 
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0.  I 9 4 
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0.211 
0.220 
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0.24 7 
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0.273 
0 . 2 8 2  
0.29 1 
0.300 
0. 3dtl 
0 .317  
0 .  326 
0 .335  
0.344 
0.352 
0 . 3 h l  
0.370 
u. 379 
0. ,ne 
0.3Y 7 
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415.1 
4 1 5 . i  
415.1 
415.1 
415.1 
415 .1  
415.1 
415.1 
415.1 
415-  1 
4 1 5 . 1  
415.1 
4 1 h  1 
415.1 
415.1 
415.1 
415.1 
415.1 
415.1 
415.1 
415.1 
41s.; 
415.1 
415. 1 
415.1 
415.1 
4 1 %  1 
41'J.1 
415.1 
415.1 
4 1 5 . 1  
415.1 
415.1 
415.1 
415.1 
415.1 
415.1 
4L!f . l  
415.1 
415.1 
415.2 
415.2 
415.2 
415.2 
415.2 
415.2 

7 .097  
7.0'17 
1.C9l 
7.c.97 
7.09 I 
7. c-3 ? 

7.097 
7.CY7 

7 . ow  

7 . 0 ~ 7  
r . o y i  
7 009 1 
7.c97 
1.097 
7.CFI 
1.097 
7 . 0 9 7  
7. CF 7 
7.O97 
7.0ct 
7.C91 
7.097 
7.04T 
7.cs'I 
7.c3 I 
7.0v7 
1 . C ' ) l  
7.037 

7.097 
7.09 7 
l . C U 7  
7.C97 
t . C Y 7  

7.0'4 1 
7.097 

r.r)rr 

7 .Os) 7 

1.097 

7 . C 9 7  
7.091 
7. OC,? 
7.OYf 
7.OY7 
7.c97 
7.091 

r . c 4 7  

AkGLL 
(OLG)  

-b.0 
0.0 
0.i) 
'3.0 
u .3  
0.3 
0 . 0  
0.3 
0.0 
0.0 
0.0 
0.9 
0 .0  
0 .3  
3.9 
0.0 
0 .o 
0 .0 
0 .0  
0 .o 
0.0 
0 .o 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.3 
G.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 

ANGLE 
i n t C )  

74.0  
74.0  
7 4 . 0  
74.0 
7s.0 
?-.O 
7b. 0 
14.0 
74 .  c) 

7 4 . 3  
74  .0 
74.0 
74.0 
14.0 
74.0  
74.0  
7 4 .  
f 4 . b  
74 .0  
74.0 
14.0 
74.0 
14.0 
74.0  
14.0 
74.0 
74.0  

7 4 . 0  
74 .0  

74.0 
74.0 

14.0 
74.0 
74.0 
74.0 

14.0 

74.0 
74.0 

74.0 

7 4  e 0  
14.3 

74 .0  
74.0 
74.0 
74.0 
74.0 

L A1 

tot( . )  

0.0 
2.6 
4 . d  
b. 0 
b.0 

1a.o 
12.0 
14.0 
16.0 
l d . 3  
20.0 
L L . 0  
24.0 
2c.O 
28 .o 
30.3 
32 -0  

36. 0 
3ti .O 
40.0 
42.0 
44.0 
46.0 
4u.o 
50.0 
52. 0 
5 5 . 0  
56.0 
56.0 

3 4 . 0  

60.0 
62 - 0  
04.0 
66.0 
66.0 
70.0 
72.0 
74.0 
76 .0  

79.9 

83.9 
85.9 

89.0 

r(r. o 
111.9 

07.0 

LUlrct 

(DLGI 

-1.0 
-1.0 
-1.0 
-1.0 
- l . C  
-1 .0 
-1.0 
-1.0 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.2 
-i.z 
-1.2 
-1.2 
-1.3 
-1.3 
-1.3 
-1.4 
-1.4 
-1.3 
-1.5 
-1.6 
-1.7 
-1.7 
-1.8 
-1.9 
-2.0 
-2.2 
-2.3 
-2.5 
- 2 . 7  
-3 -0  
- 3 . 3  
-3.7 
-4.2 
-4.9 
-5.8 
-7.3 
-9.6 

-14.3 
-27.0 
-90.0 

 RANG^ 
A? ER 1 U R t  
I M t  TLkS) 

0.59 
0.59  
I). 5 9  
0.59 
J. 59 
0.59 
0. 59 
0.5'4 
0.59 
0.59 
0.5Y 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
9.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.S9 
0.59 
0.59 
0.59 
0.59 
0.59 
0.5Y 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
(1.59 
0.59 
0.59 
0.59 

P R F  

4 U l  I 
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545b 
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5656 
5456 
5456 
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5456 
>456 
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5656 
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5456 
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68.6  
66.6 
6U.b 
60.6 
bo. 6 
6 U  e 6  
6U.6 

6d. 6 

L AT 

(OCG I 

0.0 
2 .0  
4 . 5  
6 -0  
8.0 

10.0 
12.0  
14.0 
16.0 
18.0 
20.0 
22 .0  
24.0 
26.0 
28.J 
30.0 
32.0 
34.0 
36.0 
31.0 
4i). 0 
62.0 
4 4 . 0  
46. C 
41.D 
50.0 
52.0 
5C.O 
30.0 
58.J 
60.0 
621 0 
64.0 
66.0 
6 8 0 0  
7 0 . 0  
71 .9  
73.3 
75.9 
7 7 . 9  
79.9 
01.9 
8 3 . 1  
05.0 
0 7 . b  
il8.6 

LONG 

I DEC I 

-1.4 
-A.4 
-1.4 
- 1 . 4  
-1 .4  
- 1 . 4  
-1.4 
-1 .4  
-1  04 
-1.5 
-1.5 
-1.5 
-1.5 
-1.5 
-1.6 
-1.6 
-1.6 
-1.7 
- 1 . 7  
-L.J 
-1.n 
-1 .9  
-1.9 
-2.0 
- 2 . 1  
- 2 . 2  
- 2 .  L 
-2.4 
- 2 . 5  
-2 .6  
-2.8 
-2.9 
-3.2 
-3.4 
-3 .7  
-4 .0 
-4 .5  
-5.0 
-5.7 
-6 -6 
-7 .9  
-9.9 

-13.0 
- l v .  1 
- 3 4 . t  
-90.0 

RANGE 
APER T W E  
1 HE T t R S I  

0.62 
0.62 
0.62 
0.62 
0. bz 
0 . 6 2  
01 62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 

0.62 
0 .62  
0 . 6 2  

0 . b 2  

0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
0.62 
O.bZ 
0. b2 
0 .62  
0.6L 
0.62 
0 . 6 2  
0.62 
0.62 
0.62 
0.62 
0.62 
0.12 
0.62 
0.62 
0.62 
0.62 

PRF 

tnz1 

4L28 
4129 
412d 
4 l 2 d  
41Ld 
4128 
4128 
4lLO 

4128 
4 1 2 8  
4LZd 
41L8 
4 1 2 8  
4129 
4123 
4 1 2 8  
412d 
412d 
4128 
S l 2 8  
4126 
4128 
4128 
4128  
4128 
4 1 2 8  
4AZd 
4 1 2 8  
4128 
4128 
41Zd 
4 1 2 0  
4 1 2 8  
4 1 L 8  
4128 
4 1 2 8  
4 l 2 U  
4 128 
4 1 2 6  
4128 
4A2U 
G A L 8  
4120 
4128 

c i z n  

AZ I nurn 
A P € R l U R t  
I H t  T E R S I  

3 .04  
3. 04 
3.01 
3 - 0 4  
3.04 
3. 04 
3.04 
3 .JC 
3.04 
3.06 
3.04 
3.04 
3.04 
3 .  d4 
3.d4 
3.06 
3.04 
3.04 
3- 04 
3.04 
3 . 0 4  
3.54 
3.04 
3.04  
3.04 
3.04 
3.34 
3.04 
3 . 0 4  
3 - 0 4  
3.04 
3.04  
3.04 

3.54  
3.04 
3.04 
3.J4 
3.34 
3.04 
3.04 
3.04 
3.04 
3 .04  
3.04 

'. 3.04 

4LZd 3.06 
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RAOAR MAPPING P A R I M E T C R S  FOR LERU i)OPPLER A t l l U l H  P O I N T I N G  

O R B I T  E C C E h T R I C I T Y  = 0.0 
S I ~ ~ E - L U ~ K  ANGLE = 25.0 OECRELS 

SWATH WIOTH - 65.0 KM 
I ~ A V C C ~ N G T H  = 10.0 CM 

f 0 E t l  

0.0 
2.0 
4.c 
6.0 
8.0 

luc 0 
12.0 
14.0 
16. J 
1 t l . C  
20.0 
22.0 
24.0 
26.0 
20.0 

32.0 
34. 0 
36.0 
30.0 
40.0 
42.0 
44.0 
46.0 

50. c) 

52.9 
54.0 
5b.J 
50.0 
60.0 
62.0 
64.0 
6 6 . 0  
66.0 
70.0 
7 2 . 0  
74.0 
76. r? 
75.0 
80.0 

04. 0 
U6 e 0  

80 .0  
90.0 

30.n 

48 .n 

az.0 

( t M I  

-0 .0  
0.00') 

0. d26 
0.035 
0.044 
0.053 
0.OCl2 
0.010 

0. J8H 
0.09 7 
0.106 
0.115 
0.123 
0.132 
0.141 

0.0111 

0.079 

c . i w  
0 . I W  
0. A67 
0. I 76 
0.165 
0.134 
0.203 
0.111 
0. L2d 
0.22', 
0.2JJi 
0.247 
0.256 
0.264 
0.i73 
0.282 
O . C ? V l  
C.300 
0.3DP 
0.317 
0 . 3 2 h  
0.3>5 
0.344 
0.352 
0.361 
C. 370 
0.379 

0.397 
0.3nu 

RANGL VELGCl T Y  
( K H l  

444 6 
444.6 
444.6 
444.6 
444.6 
444 6 
644.6 
444.b 
444.6 
444.6 
444.6 
444.6 
444.6 
444.6 
444. 6 
444 -6  
444.6 
444.6 
444.6 

444.6 
444 6 

444.6 
444.6 
444.6 
444.6 
444.6 
444.6 
444. b 
444.6 
444.6 
444. 6 
464.6 
44%. b 
464.6 
444.6 

444.6 

444.6 
444.b 
444.6 
444.6 
4 4 4 . 6  
444.6 

444.6 

444.6 

444.6 
444. 6 

i K W / S )  

7.097 
7. c9 7 
7.097 
7.097 
7.J47 
7.0'4 7 
7.c97 
7.  O'I 7 
7.597 
7.097 
7.097 
I . C S 7  
7.097 

7.co7 
7.037 
7.097 
7.097 
7. c97 
7.097 
7 -09 7 
7. t S  7 
7.097 
7.0V7 
7.097 
7.CY7 

7.C97 
7 .CV7 

7 . 0 9  7 
7.C47 
7.0Y7 
7.OY7 
7.c'17 
7.0'11 
5.c57 
7.c97 
7.u97 
7 .OY 7 
1.097 
7 . 0 9 7  
7.097 
7.097 
7.097 
1. C 9 7  

i . w r  

1 . ~ 9 7  

r.a'i7 

ANGLE 
I D L G )  

-0.0 
0.0 
0.3 
0.0 
0.0 
0 .o 
0.0 
0 .o 
0.0 
0.0 
0.0 
u.0 
0.0 
0 .O 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 00 
0.0 
0 .o 
0 . 0  
0 . 0  
0 . 0  
0 . C  
0 . 0  
0.u 
0 .o 
0.0  
0.0 
0.0 
0.0 
0 .B 
0 .o 
0 . 0  
0 . 0  
0 . 0  
0.0 
0 .0  
0.0 
0 .0 

010 

ANGL€ 
I DE6 ) 

63.2 
63.2 
6 3 . 2  
b3.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
b3.2 
6 3 . 2  
63.2 
63.2 
63.2 
63.2 
63.2 

63.i 

63.2 
6 3 . 2  
63.2 
b3.2 
63.2 
63. 2 
6 3 . 2  
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 
63.2 

63.2  

63 .2  

63.2 

63.2 
63.2 

L A 1  

IDEG) 

0.0 
2 . 0  
4.0 
6.0 

10.0 
12.0 
1c. 0 
16.0 
AD. 0 
20.0 
22.0 
24.0 
26.0 
Zd. 0 
30.0 

a. o 

32.0 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 
'*6.0 

50.0 
52.0 
5s. 0 
50.0  
5u. 0 
60.0 
11.9 
6 3 . V  

40. o 

b5.Y 
b?. 9 
69.9 
7 l . V  
7 3 . 9  
7 5 . 9  
7 7 . 9  
79.8 
8 I . C  
P3 .  I 
U5.6 
R7.J 
88.2 

LONG 

I D E C )  

-1.8 
-1.8 
-1.0 
-1.a 
-1.8 
-1.8 
-1.8 
-1.6 
-1.9 
-1.9 
-1.9 
-1 .9 
-1.9 
-2.0 
-2.0 
-2.1 
-2.1 
-2.1 
-2.2 
-2.3 
-2 03 
-2 - 4  
-2.5 
-2 -6 
-2.7 
-2.8 
-2.9 
-3.0 
-3.2 
-3.4 
-3.6 
-3 .8  
-4.1 
-4.4 
-4.7 
-5 .2 
-5.7 
-6. 4 
-7.3 
-8 .5  

-10.1 
-12. 6 
-16 -6 
-24.0 
-41.7 
-90.0 

RANGE 
APEWIURE 
i WETERSJ 

0.68 
0.68 
0.68 
0.6a 
0.68 
0.68 
0.68 

0.68 

0.68 

0.68 

0.69 

0.68 
0.68 
0.6U 

0.60 

0.68 

0.68 

0.68 

0.68 
0.68 
0.b6 
0.68 
0.68 
0.68 
0.6d 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
0.68 
3.60 
0.68 
O.6d 
0.68 
0.60 
0.68 
0.68 
0.68 
0.66 
0.68 

0.68 
0. ha 

PRF 

Inz i  

3341 
334 b 
3341 
3341 
3341 
3341 
334 1 
3 3 4 1  
3341 
3341 
334 1 
3341 
334 1 
334 1 
3341 
3341 
3341 
334 1 
334 1 
3341 
334 1 
3341 
3 3 4  1 
3341 
3341 
3341 
334  1 
334 1 
3341 
334 1 
3341 
334 1 
3341 
3341 
3341 
3341 
3341 
3341 
3341 
3341 
334 1 
3341 
334 I 
3341 
3341 
3341 

ALLIMUTH 
*PER 1 UR E 
I R E T E R S  J 

3.76 
3- 76 
3. 76 
3 -16  
3.76 
3.76 
3.76 
3.76 
3.76 
3.76 
3.16 
3.76 
3. I 6  
3.76 
3.76 
3.76 
3.76 
3.76 
3.76 
3.76 
3 -16  
3.76 
3.76 
307b 
3.7b 
3-16  
3076 
3.76 
3.76 
3.76 
3.76 

3. 16 

3.76 
3.76 
3.76 
3.76 
3.16 
3.76 
3.76 
3. 76 
3.76 
3 -16  
3.76 
3.76 

3.76 

3.76 
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RAOAI I  MAPPING PARAWLTCHS FOR L t l t i  DOPPLER A i  IWTH POINTING 

nRblT tcceNiniciTY = 0.0 
SIDt-LUI IK ANGLE * 30.0 DEGREES 

S Y A T H  U l O T H  = 65.0 KM 
YAVCLENCTH = 10.0 CM 

f R U C  T I M E  
ANOMALY 

l O C G l  

0. 0 
2.0 
4, 0 
6.0 
M. 0 

10.0 
12 .o 
14.0 
16.0 
18.0 
20. 0 
22.0 
24.0  
26 .0  
2 8 . 0  
30.0 
32 .0  
34.0 
3 6 . 0  
38.5 
40.0 
4 2 . 0  
44.0 
46.0 
40.9 
50.0 
52.0  
5 4 . 0  
5 6 . 0  
5 8 . 0  
6c). 0 
6 2 . 0  

66 .0  
6 t ) .  0 
7 0 . 0  
7 2 . 0  
7 4 . 0  
7 6 . 0  
7u.o 
no. 0 
82 .0  
84.0 
Mb. 0 
U M . 0  
90. 0 

64. 0 

I ttR 1 

-0.d 
0.009 

0.026 
0.035 
0.044 
0 . 0 3 3  
0.062 
0. d ti) 
0.019 
0.0GU 
0.391 
0 .106 
C. 1 1 5  
0.123 
0.132 
0.141 
0.150 
0. I 5 9  
0.167 
0.1 16 
0.105 
0 . I Y ' t  
0.203 
0.211 
0.220 
0.223 
O.23H 
0.247 
O.25h 
0.26'1 
0.273 
O..?i)2 
0 . 2 9 1  
0.300 
0 .308  
0.J17 
0.326 
0.335 
0.344 
0.352 
0 . 3 6 1  
(in 3 70 
0. 73 
0.308 
0 . 3 9 7  

0.01 a 

SLANT O R b l T A L  OUPYlER G R 4 L I N G  ~~ 

RANGE VCLGC I T Y  
I K M )  

467.1 
467.1  
4b7.1 
4 b 7 .  1 
467.1  
467.1 
4 6 7 .  I 
467.1 
4h7.1 
4 C 7 . 1  
467.1 
4 6 7 -  1 
4 6 1 . 1  
467.1 
467.  1 
467 1 
46 I .  1 
467.1 
461.1  
467.1 
467.1  
4b7- 1 
467.1  
467.1 
467. 1 
467.1  
467.1  
467.1 
667.1  
4 6 7 .  A 
467.1  
467.A 
467. I 
467.  1 
467.1  
467.1 
467.1  
467.1 
467.1  
4 6 7 . 1  
467.2  
467.2 
467.2  
467.2  
467.2  
461.2 

IKWIS) 

7.cc.7 
7 .c97 
1 .097 
7 .C11 
7 .03  7 
7.c37 

7.0'3? 
1.c47 
7.097 
7.097 
1.097 

?. c97 
7.c57 
7.097 
7.C91 
7.09 I 
7.097 
7.cs7 
7 .OY 7 
7 .c97 
7.CY7 
7.037 
7.cs7 
7 .C ' ) I  
7.097 
7.G47 
7 .007 
7 .09 7 
7.OCi7 
7 .097 
7.c27 
7 . C Y 7  
7.J')7 
7 . c 4 7  
7.C97 
7 .097 
7 .cs7  
7.097 
1.097 . 
7.c97 
7.097 
7.051 
1 .097 
io097 

7.0: r 

7.057 

AMPLE 
l O C c I l  

-0 .0  
0 . 3  
0.0 
0 . 0 
0 . 0 
0.0 
U.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0 .9 
5 . 0  
0 . 0  
0 .0  
0.3 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0  
0.0 
0 . 0  
0.0 
0.0 
0 . 0  
0.0 
0.0 
0.0 
0.0 
lJ.J 
0 . 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

ANCLF. 
L U t G i  

57.6 
57. 6 
5 r . n  
37.  n 
57.8 
5 1 . 0  
5 l . U  
57.6 
57.6 
5 7 . 0  
57 .I) 

51.8 
5r.ti 
57 .M 
57. d 
5 1 . 8  
5 ? . B  
57.J 
57.d 
57.8 
57. d 
5 1 . 8  
57.8 
57.3 
57 .8  
51 .8  
57.c 

5 1 . 8  
57 .0  
57 .8  

5 r r a  

57.t) 
5 1 . n  
5 7 .  e 
5 7 . 0  
57.13 
97. t! 

57.5  
5 7 . H  
5 7 . 3  
57.8  
5 7 . 8  
57 .8  
57 eL1 
57. M 
57.8 

LA T 

( D E G I  

0 .  0 
i. 0 
4.0 
6.0 
U . 0  

10.0 
12.0 
14.0 
16.0 
10.0 
20.0 
22.0 
24.0 
2 6 . 0  
20.0 
30.0 
32.0 
3 4 . 3  
36.0 
3 8 . 0  
4d.O 
42.0 
44.0 
46.0 
43.0 
4 9, 9 
51.9 
5 3 . 9  
s 5 . 0  
57 .9  
5 9 , v  
61.9 
63.7 
6 5 . 9  
6 7 . 9  
6 9 . 9  
7 1 . 9  
7 3 . 9  
75.8 
77.0  
7 9 . 8  
U l . 7  
R3.6 
U5.6 
9 7 . 0  
81.6 

LONG 

L D t G )  

-2 .2  
-L. 2 
-2.2 
- 2 . 2  
- 2 . 2  
-2 .2  
- 2 . 3  
-2.3 
-2 .3  
-2.3 
-2 .4  
-2 .4  
-2 .4  
-2.5 
-2.5 
- 2 .  6 
-2.6 
-2 .7  
-2 .1  
-2.M 
-2 .9 
-3  e 0  
-3.1 
-3.2 
-3 .3  
- 3 . 4  
- 3 . 6  
- 3 . 8  
- 4 . 0  
- 4 . 2  
-4.4 
- 4 . 7  
-5.0 
- 5 . 4  
-5 .9  
-6.6 
- 7 .  1 
-8.0 
-9.A 

-10.5 
- 1 2 . 5  
- 1 5 . 5  
- 2 0 . 3  
-29.0 
- 4 7 . 9  
-90.0 

R A W E  
AP C R 1 UWE 
L ME T t R S )  

0.75 
0.15 
0.75 
0.75 
0.75 
0 . 7 5  
0.15 
0.15 
0 .75  
0.15 
0.75  
0.75 
O . l >  
0.75 
0.75 
0 .75  
0.75 
0.75 
0 . 7 5  
0.75 
0.75 
0 . 7 5  
0 .75  -. 7 5  
G.75  
0.75 
0.15  
0 .75  
0.75 
0 .75  
0 . 7 5  
0 . 7 5  
0.75 
0.75 
0 . 7 5  
0 .75  
0. 15 
0.75 
0.15 
0 .75  
0 . 7 5  
0 . 7 5  
0 . 7 5  
0 .15  
0.75 
0.75 

PnF 

LHZ b 

2 8 2 4  
2 d 2 4  
2 6 2 4  
2dC4 
2 8 2 4  
2 B 2 4  
ZBL4 
2 8 2 4  
Lb2* 
L t i L 4  
2 8 2 4  
L n 2 4  
Lli.24 
2 6 2 4  
L I Z 4  
2BL4 
2 8 2 4  
L d L 4  

LM24 
2024 
1824 

2 0 2 4  
2 5 2 4  
2 2 2 4  
2UL4 
LA24  
2 8 2 4  
2 8 2 4  

2dC4 
2d24 
2824 
L!iC4 
2 S L *  
2024 
2 8 2 4  
2 8 2 4  
2 a 2 4  
2 6 2 4  

2 0 2 4  
2 8 2 4  
2 8 2 4  
2824  

2 a 2 4  

2 8 2 4  

2 8 2 4  

Z O L C  

I U I M U T H  
A P t  R T U R t  
( W t  T f R S I  

4.45 
4.45 
5.45 
4.45 
4.45 
4.45 
4.45  
4.45 
4.45 
4.4> 
4 . 4 5  
4 . 4 5  
4.45 
4 .  tS 
4.45 
4.45 
4.45 
C . 4 b  
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45  
4 . 4 5  
4.45 
4.45 
4.45 
4.45  
4-45 
4 . 4 5  
4.45 
4.45 
4.45 
4 .45  
4.45 
4.45 
4.45  
4.45 
4-45  
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Table IV-9 Radar Mapping Parameters f o r  

Zero Doppler Azfmuth Pointing 

e = 0.3 
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YAOAR HAPPING PARAMf1tP.S FOR 

W R I T  ECCENTR 1C I T Y  
SIOE-LOOK ANGLE 

SWATH WlOTH 
Y I V E L  CNGTH 

t n w )  

0.0 
2.0 
4.0 
6.0 
0.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
ZH.O 
30.0 
32.0 
34.0 
16. J 
3M.O 
40.0 
42.0 

46.0 

5U.0 
52.0 
36.U 
5b. 0 
5M.U 
60.0 
ha?. 0 
1 ~ 4 . 0  
1.6.3 
0 U . O  
70.0 
7 2 . 0  
16.0 
76.0 
7U.0 
u0.u 
82 .0  
H4 .0  
86 .  0 
8 8 . 0  
90.0 

44.0 

4 0 . 0  

I t l R  1 

-0.0 
0 . 0 0 8  
0.015 
0 . 0 2 3  
0.031 
0.039 
0.047 
0. 05'1 
0.062 
0 .  u70 
0.570 
O.OU(* 
0.0'14 
0.102 
0.110 
G a l  IO 
0.127 
0.135 
0.143 
0 .  152 
0.161 
0.169 
0.170 
0.lM7 
0.19t~ 
0.20s 
C. 2 14 
0.224 
0.233 
0.743 
0 . 2 5 3  
0 . 2 6 3  
0.27 3 
o.cq3 
O . L ' , 3  

0 . 3 1 5  
0. )?6 
0 . 3 J l  
0. 3 4 ' )  
0 . 3 6 0  
0 . 3 1 2  
0 . 3 8 4  

0 .3134  

o.mr 
0.409 

ZL-RO OOPPLkR ALIHUTH POINTING 

= 0 . 3  
= 5.0 D € G H € E S  
= 44.0 KH - 10.0 C M  

SLAFJT O R B I l P L  OIIPPLER G R A Z I N G  
R A k G t  V C L O C I T Y  

I U M / S )  I K H )  

401.6 
402.6 
405.3 
410.0 
416.4 
42'1.8 
4 3 5 . 0  
447.1 
461.1 
477.0 
494.6  
514.1, 
536.1 
55Y.8 
5 8 5 . 4  
6 13.0 
642.7 
c74.4 
708.1 
744.0 
782.0  
8 7 2 . 1  
Hb4.5 
903.0 
. > > . I 1  

1004.M 
1U 56.1 
1 l W . 0  
1165.8 
1 22'1.2 
lc'M5.0 
13'td.Z 
1 4 1 3 . 9  
14AL.1 

", I -  

1 5 5 2 . 7  
1625.9 
1701.6 
17 7'8. 8 
I U L O .  5 
1943.7 
2 0 2 3 . 4  
21 17.7 
2 2 0 0 . 3  
2301.4 
2396.8 

0.422 249405 

8.092 
U.JY1 
C.OtJ8 
H .O84 
8.070 
6.070 
? . o w  
8.049 
8 -036 
P.021 
0.CC5 
7.9nb 
7.91 t 
7.945 
7 .')LL 
7.091 
7.870 
7 e342 
7.013 
7.781 
7 . 7 4 0  
7.714 
7.670 
7.641 
7.602 
7.5t~ l  
7,519 
7.476 
7 . 432  
7.306 
7.338 
7 . ? V O  
1 . 2 4 0  
7.10'1 
7.137 
7.084 
7 .020 
6.574 
6.91H 
6 . 0 6 0  
6.802 
6.143 
6 .tin 3 
6.622 
6.561 
6.491) 

ANGLE 
I I W C )  

-0.0 
0.5 
0.9 
1.4 
1.8 
2.3 
2.8 
3.2 
3.1 
4 . 1  
4.b 
5.0 
5.5 
5.9 
6.4 
1 .e 
7.2 
7.7 
8 . 1  
6.5 
M e 9  
9 . 3  
9.7 

10.1 
10.5 
1O.Y 
11.3 
11.7 
12 .o 
12.4 
12.7 
1 3 . 1  
13.4 
13. t 
1 4 . 0  
14.3 
14 e6 
14.9 
l S . 2  
15.9 
1 5 . 7  
1 5  
16.1 
16.3 
l b . 5  
16.7 

ANCL t- 
I O C C )  

R4.1 
84 e 6  
8 4 . 6  
84.5 
04 .3  
84. A 
83.9 

8 6  

c3.3 
83.0 
82.7 
32.3 
82.0 
81.6 
81.2 
80.7 
uo. 3 
79.9 
79.4 
79.0 

7u. 0 
77.6 
77.1 
76 6 

75.6 
75. A 
?4.6 
74.0 
73.5 
?3.0 
72.5 
71.9 
71.4 
70.9 
75.3 
69.M 
69.2 
hh.7 
611 2 
67.0 
67. 1 
66. 6 
66. 1 
bS.6 

7n.5 

16.' 

L A t  

(DE(,) 

0 .0  
2.0 
4. A 
6.1 
8.1 

10.2 
12.2 
14 e2 
16.3 
18.3 
20.4 
22.4 
24.5 
26.5 
28.6 
30.7 
32. I )  
34.8 
36.9 
39.0 
41.1 
43.3 
45.4 
47.5  
49.6 
51.8 
53.9 
56.1 
58.3 
60.5 
62.7 
64.9 
67.1 
6 9 . 3  
71.5 
73.0 
76.0 
78.2 
60.5 
62. 7 
84.0 
n 7 . 0  

87.2 
nu.2 

LONG R A i v i €  P R F  
&PER TURE 

I D E G )  

-0.3 
-0.3 
-0.3 
-0.3 
-0.3 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.4 
-0.5 
-0.5 
-0.5 
-0.5 
-0.6 
-0.6 
-0.7 
-0.7 
-0.0 
-0.0 
-0.9 
-1.0 
-1.1 
-1.2 
-1.3 
-1.5 
-1. b 
-1.0 
- 2 . 0  
-2.3 
-2.6 
-2.9 
- 3 r  4 
-3.9 
-4.7 
-5.6 
-7.0 
-9.0 

-12.3 
-1M.6 
-33 .  9 
-113.6 

-139.3 
-156. 9 

0.81 
0.81 
0.82 
0.83 
0.84 
0.86 
0.88 
0.90 
0.93 
0.97 
1 .00 
1.04 
1.09 
1.14 
1.19 
1.25 
1.31 
1.38 
1.4s 
1.52 
1.60 
1 - 6 9  
1.70 
1.87 
1.98 
2. oa 
2 .  19 
2.31  
2.43 
2.56 
2.69 
2 . 0 3  
2.98 
3.13 
3.29 
3.46 
3 . 6 3  
3-61 
4.00 
4.19 
4.39 
4. co 
4.02 
5.04 
5.27 
5.51 

2 3 9 3 5  
23831 
2 3 5 3 0  
2 3OCY 
22424 
2 1668 
200Ml 
2U031 
l Y 1 6 4  
1 8 3 0  7 
1 7 4 6 9  
16bb2 
15U93 
15164 
14477 
1383 1 
13L25 
12658 
1212 r 
11631 
1 1 1 6 6  
1 0 7 3 1  
10324 

9942 
9583 
9246 

8632 
0 3 5 1  
d0Li7 
7037 
7602 
7379 
7161 
bV73 
67M2 
6604 
6436 
b L  16 
6126 
5983 
504M 
572 0 
5600 
548 7 
5390 

e w o  

A Z  IHUTH 
APERTURE 
I M E T E R S 1  

0.60 
0.60 
0.61 
0. b2 
0.64 
0.66 
0.68 
0.11 
0 .  74 
0.78 
0.01 
0.t15 
0.89 
0.93 
0.97 
1.01 
1 .os 
1.10 
1.14 
1.18 
1.23 
1 - 2 7  
1.32 
1.36 
1.40 
1 . 4 5  
1.49 
1 e 5 3  
1.57 
1.62 
1-66 
1.70 
1.74 
1.77 
1.01 
1.8> 
1ed6 
1.92  
1.95 
A .9e 
2.01 
2 -04 
2.07 
2 - 0 9  
2. 12 
2.14 
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R A n A R  HAPPING P A R A M t T E C S  FOR L C R U  0UPPLER A Z I W f H  POlNflEcG 

ORUl l  FCCtNTRlCITY = 0.3 
S I U C - L O I I K  ANGLE 10.0 OCGREES 

SW4Tt l  WIDTH = 44.0 KH 
UAVCLfNCTH 10.0 CM 

i n u c  T I H F  
A NIICrA L Y  

I O C C .  I 

0.0 
2.0  
4 . 0 
6.0 
u. 0 

10.0 
12.0 
14.0 
1b.O 
18.U 
20.0 
22.0 
24.0 
26.0  
28.0 
30.0 
32 .0  
34.0 
36.0 
30. o 
40.0 
42.0 
44.0 
46.0 
48.0 
50.1) 
52.0 
54.0 
5c.0 
5M. 3 
GO. 0 
62 .O 
64.0 
66.0 
60.0 
10.0 
12.0 
14.0 
I6.  0 
7u.o 
MO. 0 
82.0 
M C . 0  
* b e  0 
(18.0 
90. u 

I t IP  I 

-0.0 
O.OOP, 
0.015 
0.023 
0.031 
0.039 
0.047 
0.054 
0.Q62 
0.070 
0.07H 
0.006 
0. OY 4 
0.102 
0.110 
0.1111 
0.1L 7 
0.1J5 
0.143 
0.152 
0.161 
0.169 
0.178 
0.107 
0.196 
0.2115 
0.214 
C.224 
O e L 3 3  
0.243 
O . L 5 3  
0.263 
0.273 
0.203 

0 .304  
0.315 
0.JZb 
0.337 
0.349 
0.360 
0. J72  
0.JU'I 
0.39 7 
0.409 

n.29.i 

RANGE V C L O C I T Y  
I K M )  

406.6 
'e0 7.5 
4 10.3 
" 5 . 0  
L - 1 . 6  
43Q.0 
440.4 
452.6  
't66.0 
482.9 
500.9 
520.9 
542.9 
566.0 
592.8 
620.7 
650.0 
6142.9 
717.1 
751.5 
792.0 
832. 1 
0 75.6 
920.0 
968.2 

10lr1.0 
1070.1 
l l2 'r .S  
1131.3 
1240.6 
1392.3 
1366.6 

1502.5 
157't. 3 
164U. 7 

1805.2  
11487.3 
1972.0 
2 0 5 ' ) .  3 
z 1 4 Y .  1 
2241.5 
2 3 3 6 . 3  
2433.6 

1435.3 

1725.6 

I K W S I  

8 -092 
c.CCI1 
b.06U 
U.004 
Ij.07M 
W .070 
8.060 
0.049 
[I .036 
tl.021 
0.L05 
7 a986 
7.967 
7.945 
7 e322  
7.937 
7 d l70  
7.042 
7 .a 13 
7. rei 
7.740 
7.714 
7.678 
7 -6'1 1 
7.602 
7.561 

7.476 
7.519 

7 . 4 j ?  
7.386 
7.330 
7.290 
7 .:40 
7.189 
7 . 1 3 7  
7.004 
7.029 

.'I74 
6.91M 
6.8b0 
6.802 
6.143 
b . 6 8 3  
6.622 
6.561 
6 a498 

ANLLf 
I D C G )  

-0.0 
0.5 
0.9 
1.4 
1 .M 
2 . 3  
2 .d  
3.2 
3.7 
4.1 
4.6 
5.0 
5.5 
5.Y 
6 e 4  
6.8 
7 - 2  
7.7 
R . 1 
0 - 5  
0.9 
9.3 
v.7 

10.1 
10.5 
10.9 
11.3 
11.7 
12.0 
1 2  .4 
12.7 
13.1 
13.4 
13.7 
14.0 
14.3 
14.6 
1 4 . 9  
15.2 
15.4 
15.7 
15.9 
16.1 
16 e 3  
16.5 
16.7 

ANCL E 
( n t c i  

79.3 
79.3 
79.3 
79.2 
74.1 
79.0 
70.9 
79.7 
7tl.6 
7u.4 
78. 1 
71  a 9  
77.6 
77.4 
77.1 
7b. d 
76 - 4  
I 6 . 1  
7 5 . 1  
75.4 
75.0 
74.6 
14.2 
73.8 
73.4 
72.9 
72.1, 
72.0 
71.6 
71.1 
70.6 
7c. 1 
69.6 
69 .1  
hH.6 
6a.1 
b7.6 
67.1 
66. 6 
66.0 
65 .5  
b5.0 
64.5 
63.9 
6 3 . 4  
62.9 

LA t 

I O E C )  

0.0 
2.0 
4 . 1  
6.1 
0 .1  

10.2 
12.2 
14.2 
lb.3 

20.4 
22.4 
2 4 . 5  
26.5 
20.6 
30.7 
32.M 

1n.3 

34.0 
36.9 
3') .0 
41.1 
4 J . 2  
43.4 
47.5 
4 Y . 6  
51.8 
53.9 
56.1 
5u.2 
60.4 
62 - 6  
64. d 
67.0 
69.2 
71.4 
73 r 6  
75.8 
f 8 . 0  
80.2 
0 2 . 3  
84 e 2  
85.8  
86.4 
M5.1 
84.1 

LONG 

I D t C I  

-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.0 
-0. u 
-O.d 
-0.9 
-0.9 
-1.0 
-1.0 
-1.1 
-1.2 
-1.3 
-1.4 
-1.5 
-1.6 
-1.7 
-1.9 
-2.0 
-2.2 
-L 4 
-2.7 
-2.9 
-3.2 
-3.6 
-4.0 
-4.5 
-5. t 
-5.9 
-6 - 8  
-7.9 
-9.4 

- 1 1 . 3  
-14.0 
-17.8 
- 2 3 . 9  
-36.4 
-54.0 
-07.4 

-120.3 
-139.+ 

R4NGE PRF 

I H L  J 
A PER TURE 
I MFT ERS I 

0.03 
Oed3 
0. M4 
0.J5 
0.66 
0. tia 
0.30 
0.93 
0. Y 6  
0.99 
1.03 
1.07 
1.L2 
1.17 
1.22 
1.ZM 
1.35 
1.4 1 
1.49 
1.57 
1.65 
1.74 
1.M3 
1.93 
2-03 
2.14 
2.26 
2.38 
L.50 
2.64 
2.76 
2.92 
3.07 
3.23 
3 .40  
3.57 
3.75 
3.94 
4.14 
4.34 
4.55 
4 .  I 7  
4.99 
5.23 
5.47 
5.72 

12013 
11999 
11958 
11091 
l l 7 Y  I 
I160 1 
11542 
11305 
11210 
1102 1 
l O M Z 0  
10610 
10392 
LOl6Y 
9942 
97 14 
9436 
92 59 
9034 
081 1 
8593 
0379 
8171) 
7966 
7768 
7575 
7368 
7207 
7031 
6062 '  
6 6 Y  U 
6540  
(1308 
624 L 
6101 
5965 
5035 
5710 
5 5 8 9  
5474 
5364 
5 2 5 8  
5 1 5 8  
506 1 
4970 
4Ut)Z 

ALIHUTH 
APCW f URE 
IMEIERSI 

1.19 
I e19 
1.20 
A.20 
1-21 
1.22 
1.24 
1 - 2 5  
1.27 
1.20 
1.31 
1.33 
1.36 
1.38 
1.41 
1.44 
1.47 
1.50 
1.53 
1.56 
1 - 6 0  
1 -63  
1.66 
1.70 
1.73 
1.77 
1.80 
1.84 
1 .a7 
1.90 
1.94 
1.97 
2.00 
2.04 
2.07 
2.10 
2.13 
2.16 
2.19 
2.22 
2.24 
2.27 
2.2Y 
2.31 
1.34 
2.35 
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HAI IAR M A P P I N G  PARAMETLRS FOB L t R O  UOPPLCR ALlMUTH P O I N T I l y C  

( I R D I T  E C C E N T R I C I T Y  * 0 .3  
SlDf -L l l f lK  ANGLE = 15.0 DtGRkES 

SNA'TII Y I D T H  5 44.0 K M  
W A V t L t N t T H  = 10.0 CM 

TRUF T INC 
ANOPALV 

lotGI 

0.0 
2 . 0  
4.0 
6 . 0  
0. J 

10.0 
12.0 
14.0 
16.0 
1H.U 
2 0 . 0  
22.0 
24.0 
26.0 
2u. 0 
30.0 
32.0 
34.0 
56.0 
3H.O 
40.0 
42.3 
44.0 
46.0 
4U.O 
50.0  
5 2 . 0  
54.0 
5 6 . 0  
5u.o 
60.0 
0 2 . 0  
64.0 
C6.0 
6 8 . 0  
7 0 0  0 
72.0 
74.0 
16.0  
78.0 
UO. I) 
LI2.0 
d4.0 
n6. 0 
UU.0 
90.0 

I tIR 

-0.0 
0.000 
0.015 
0.02 3 
0.331 
0.03'j 
0. 04 7 
0.054 
0.0c2 
c.  0 I d  
0.1) ro  
O.5H6 
O.OQ4 
G. I02 
0.110 
0.1 I l l  

u. 117 
0 .135  
0 . 1 4 3  
0.152 
@.Ab1 
0.167 
0.17d 
0.181 
0.196 
0.zu5 
0.214 
0.22'9 
0.233 
0.243 
0.253 
0.2b 3 
0.273 
O . i : l J  
0.273 
O m  304 
0.315 
0 0  126 
0.331 
0 . 3 4 Y  
0.363 
0.312 
O.Jd't 
0.397 
O.cO', 

RANGC V L L O C I T V  
IKM) 

415.1  
416.1 

423.1 
4 35 .4  
439.1 
44'3.6 
4bL. ' 
476.6 
4 9 3 . 1 
511 .5  
5 3 1  e 9  
5 5 4 .  4 
57d.8 
605.4 
6 34.0 
6 6 4  d 
697.6 
732.6 
169.8 
609.2  
u50.9 
H94.9 
961 .1  
989.7 

1040.7 
l O ' t 4 .  I 
114'3.9 

4 i a . y  

120n.2 
1 2 b'). 0 
1332.4 
lJOd.3 
1466.8 
l b J l l . 0  
1611.8 
1bflt-j. 3 
l I b 1 . 5  

19J3.9 
1849.3 

2021.3 
2111.3 
2?64.0 
22  ' j 0  4 
23'37.5 
L't9tl .  1 

0 .422  2601.5 

IK141S) 

U.092 
H.  C91 
R.OdH 
o.ou4 
0 . ~ 7 U  

8 -060 
II .  C4Y 
8.036 
0.021 
H.OC5 
7.986 
1.967 
7.945 
7.'322 
7.897 
7.870 
7 .U42 

M .o ru 

7.013 
7 .  T d l  
7 7 4 0  

7.618 
7.714 

7.6( t l  
1.602 
7.561 
7.519 
1.416 
1.432 
7.386 
7.330 
7.290 
7.240 
7.189 
7 . 1 3 1  
7 . 0 ~ 4  
7.029 
6.914 
6.918 
6.ll60 
6.002 
6 . 1 4 3  
6 e 6 6 3  
6 . 6 2 2  
6.561 
6 0 4 9 8  

ANtiLE 
IbfGI 

-0.0 
0 .S 
(i -9 
I .4 
A * M  
2 . 3  
2 .u 
3. 2 
3.7 
4 . 1  
4.6 
5.c 
5.5 
5.9 
6 e4 
6.8 
1.2 
7.7 
8.1 
8.5 
d . 9  
9.3 
0.7 
10.1 
10.5 
10.9 
A1.3  
11 a7 
12 .o 
12 e4  
1 2 . 1  
13. A 
13.4 
13.7 
14.0 
14.3 
14.6 
14.9 
1 5 . 2  
15.4 
A5.7 
1 5 . 9  
16.1 
16.3 
10.5 
16.7 

A W L €  
I DEG I 

74.0 
74.0 
73.9 
13.9 
13.0 
73.8 
7 3 . 1  
73.5 
11.4 
73.2 
73 .  A 
72.9 
72.7 
72.5 
72.2 
72.0 
71.7 
1 1 . 4  
71.  A 
10. u 
70.5 
7 0 . 1  
69.8 
69.4 
69.0 
68.6 
6 0 . 2  
67.0 
67.4 
b7.U 
6b. 5 
66.  r) 
65.6 
(r5. A 
64.6 
6 4 .  A 
6 3 .  6 
63.1  
b2.6 
62.1 
61.5 
61.0 
60.5 
59 .9 
59.4 
50.9 

LA 1 

( D I G 1  

0 .0  
2 . 0  
4.1 
6 .  A 
f I .  I 

10.2 
12.2 
14.2 
16.3 
ld.3 
2 0 . 4  
2 2 . 4  
24.5 
26.5 
28.6 
30.7 
32. ti 
3G.U 
3 b .  9 
39.0 
41. A 
43-2 
45.3 
47.5 
49 - 6  
5 1 . 1  
5 3 . 9  
5 6 . 5  
56.  2 
6 U . 4  
6 2 . 5  
64.  7 
66.') 
(rY. I] 
1 1 . 2  
73.4 
75.5 
77.6 
7 9 . 6  
U A . 5  
u i . 1  
84.2 

83.9 
02.5 

0 4 .  G 

L U ~ G  

O t G )  

- i . G  
-1.0 
-1.0 
-1 .0  
-1.  A 
-1.1 
-1.1 
- A  e 2  
- 1 . 2  
-1.3 
-1.1 
-1.4 
-1.5 
-1.6 
-1.7 

-1.9 
- 2 . 1  
-2.2 
-2.4 
-2.6 
-2.8 
-3 .1  
-3.4 
-3.7 
-4.1 
-4.5 
-5.9 
-5.5 
- 6 . 2  
- 6 .  '1 
- 7 . 0  
-9.0 

-10.3 
- l ? . O  
-14.2 
- 1 7 . 0  
-20.9 
- 2 4 . 3  - 34. .( 
-46.6 
-65 .1  
-13.9 

-111.4 
-127.4  

-1.a 

UO .8 138.2 

U ANGE 

I H t T  fRS I 
A PEW T uHE 

0. a7 
0. t+7 
0. utl 
0.u9 
0.90 
0.92 
0.94 
0.97 
A.00 
1.04 
1.07 
1.12 
1.11 
1.22 
1 .28  
1.34 
1-41 
1 .48 
1.56 
1.64 
1.73 
1 .u2 
i .9,f 
2 . 0 2  
2.13 
2 - 2 3  
L. 37 
2 . 5 0  
2 .  63 
2 . 1 7  
2.92 
3 . 0 0  
3.24 
3 . 4  1 
3. 5Y 
3.17 
3.97 
6 .  I7  
4.38 
4 . 6 0  

' 4 . 6 3  
5.07 
5.31  
5.57 
4.83 
6.11 

P R F  

1HL 1 

a060 
8055 
8042 
M o l 9  

7 9 4 9  
7901 
l b 4 6  
7 1 u 3  
7 7 1 4  
l b  ) f 4  

7 > 5 t  
7 4 7 0  
7 3  T ' )  
7 2 6 4  
7 l U 5  
7 0 b  3 
6919 
6 8 7 1  
6 1 6 5  
6656 
6566 
6 4  36 
b326 
O l l b  
b 101 
59 9 9 
5 8 9 2  
51tt6 
5 6 6 2  
5 5 1 9  
54 I d  
5379 
5 L a L  
l i i t , r  
5394 
500C 
f t 9  1 6 
41 30 
6 1 4 0  
4 6 4 6  
4 5 8 7  
451 A 
4638 
4368 
4300 

i w a  

A L  I HUT H 
A P t R r U W E  
I H E T E R S  I 

1.76 
1.70 
1.10 
1.7m 
1. I V  
1.u0 
I.dO 
1 . d A  
1 - 6 3  
1.u4 
L .us 
A.a7 
1.89 
1.90 
1.92 
1 - 3 4  
1 - 9 7  
1.99 
2.01 
2.03 
2 r 3 6  
2.01) 
2.11 
2.  A4 
2.16 
2.19 
2.22  
L e24 
2.27 
2.30 
2.33 
1035 
2.3M 
2.41 
2.43 
2 - 4 6  

2 .51  
2.53 
2 0 5 6  
2 . 5 M  
2.60 
2.62 
2.64 
2 - 6 6  
2.67 

2.4~4 
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HAnAR HAPPING PARAWtTtRS FCR LkIt(1 OOPPLCR AZIMUTH P O I N T I N G  

O R B 1 1  E C C E N T R I C I T Y  = 0 . 3  
SICF-LUnK ANGLE 20.0 O t G R E E S  

SWATH 'rlll)TH = 44.0 KW 
WAVELENGTH = 10.0 CH 

TRLIt T I  *E 

I D t . 6 )  I t l R I  

0.0 -0.3 

4 HUH ALY 

2.0 

6.0 
h. 3 

10.1) 
12.0 
14.0  
l ' . O  
lu .o  
2d. 0 
22 .0  
2 4 . 0  
26 .0  
20 .0  
JO. 0 
3 2 . 0  
J4.0 
36.0 
30.0 
40.0  
4 2 . 0  
44 .0  
46.0 
48 .0  
50.0 
52.0 
54 .0  
5 6 . 0  
5 8 . 0  
G3.0 
62.0  
6 4 . 0  
6 6 . 0  
6 R . O  
70 .0  
7 2 . 0  
7 4 . 0  
16.0 
76 .0  
I O .  0 
UL.O 
84.0 

nu.0 

4. n 

116. 3 

93. 0 

0.008 
0.015 
0.02 3 

0.039 
0.047 
0 .054  
0 . J 6 2  
0.070 
0.07n 
0.08tJ 
0.094 
0.107 
0.110 
0.118 
0 . 1 2 1  
0 .155  
0.143 
0.152 
0.161 
0 . l b 9  
0.178 
0.187 
0. i'lh 
L.205 
0.2 14 
0 . 2 2 4  
0.2JJ 
0.24 3 
0 .253 
0.263 
0.271 
0.2u3 
0.293 
0 . 3 0 4  
0.315 
0.320 

0.340 
C. 360 
0.372 
0 . 3 J 4  
0. 3') 7 
0.409 

o.n3t 

0 . 3 3 1  

S L A k T  O R H I T A I .  OllPPLER GR.i.!lNG 

I K M )  

421.6 
4Zd.5 
4 3 1 . 5  
436.4 
4 4  i . 4 
4 5 2 . 3  
463.2 
4 7 6 . 1  
47 1 . 0 
50H.0 
5 ? ? . 0  
5 '* 11 . 1 
5 1 1 . 3  
5'1 6. 5 
6 2 3 . 9  
653.5 
6R - 3  
717.2 
7 5 5 . 4  
793.0  
U34.6 
(171.7 
923.2 
971.1 

1071.4 
1074.2 
1129.6 
llU7.5 
1L4M.O 
1311.1 

1 4 4 5 . 4  

1590.7 

13 rb.9 

l'JL6. 7 

1667.6 
1 1 4 1 . 3  
1 U27.9 
l y L ' J . 4  
2O03.8 
20'45.2 
2169.5 

2386.8  
?'8 119. u 

2286.  r 

2515.  r 
0 .422  270S.5 

H.092 
8.09 1 
P .  O t l t l  
8.084 
li.018 
0.C7U 
li .O(#O 
U - 0 4 9  
U 036 
8 . 0 2 1  
t1.0u5 
7.9d6 
7.967 
7.4445 
7.022 
7.HV7 

7 . 0 4 2  

7.761 
7.748 
7 . 7 1 4  
7 ,678 
7.641 
7 . h C Z  
7.561 
7 . 5 1 4  
7.476 
7 . 4 3 2  
7 3 0 6  
7 . 3 3 0  
7 2'10 
7 . 2 4 0  
7 .189 
7 .137 
7 . 0 8 4  
7 0 0 2 9  
6.374 
6.'418 
6.M60 
6 -402 
6 . 7 4 1  
6 . 6 0 3  
6.622 
6.561 
6 .4YU 

7 .  a 7 0  

7 . 0 1 3  

ANGLE 
I D L C I  

- 0 . 0  
0 .5  
0 .Y 
1.4 
1 .o 
2 . 3  
2 . 0  
3.2 
3 . 7  
4.1 
4.6 
5 . 0  
5.5 
S .9 
6.4 

7 .2 
7 .7  
R e 1  
e. I, 
u.9 
9 . 3  

10.1 
10.5 
10.9 
l i  .> 
11.7 
12.0 
12.4 
12.7 
13.  1 
13 .4  
13.7  
1 4 . 0  
14.3 
14.6 
1 4 . 9  
15.2 
1 5 . 4  
15.7 
15.9 
1b.L 
16.3 
16.5 
16.7 

b 

9 . 1  

ANCL !- 
I C t G l  

68.b 
6G.6 
6b.6  
68.5 
6 0 . 5  
6d 4 
60.3 
66.2 
60.1 
6d.0 
67.0 
67 .7  
67.5 
6 7 . 3  
67. 1 
66.U 
66.6 
bb. 3 
6 6 . 1  
65.8 
65.5 
1 5  e 2  

6 4  -5 
64.1 
63.7 
b3.4 
63.0 
6 2 .  !J 
62.1  
61 .7  
61 .2  
GO.?  
GO. 3 
59.d 
59.3  
58.H 
"u.2 
57.7 
57.2 
56 .U 

56.1 
55.5 
54.Y 
54.3 
53.0 

64. n 

t A 1  

IOECJ 

0.0 
2.0  
4 . 1  
6 . 1  
tr. 1 

10.2 
1 2 . 2  
14.2 
16.3 
18.3 
2u.4  
2 2 . 4  
24 .5  
2b.5  
20.6 
)O. r 
32.7 
34. 6 
36.9 
3 Y . O  
61.1 
43.2  
4 5 . 3  
47.4 
4Y .6 
51.7 
53.6 
5 6 . 0  
58. 1 
60 .2  
6L.4  
6 4 . 5  
86.7 
6 8 .  H 
70.9 
73.0 
7 5 . 0  
77.0  
7U. u 
0 0 . 4  
U1.7 

trz. 5 
e 1  .Y 

nz.5 

LONG 

t DEC 1 

-1.4 
-1.4 
-1 .4  
- 1 . 4  
- 1 . 5  
- 1 . 5  
-1.5 

-1.7 
-1.7 
-1.0 
-1.9 
-2.0 
-2.1 
-2.3 
-2.4 
-2.6 
- 2 . 8  
-3 .0  
-3.3 
-3-  6 
-3 .Y  
-4.2 
-4.6 
-5.0 
-5.5 
-6.1 
-6.A 
-7 .5  
- 8 . 4  
-9 .5  

-10.7 
-12 .2  
- 1 4 . 0  
-16.3 
-19.2 
- 2 2 . 9  
-27.8 
-34 .4  
- 4 3 . 5  
- 5 6 . 0  
-72 .0  
- 8 9 . 9  

-106.6 

-1.6 

RANGE 
APEHTURk 
I M E T E R S )  

0.92  
0.03 
0.93  
0.94 
0 .96  
0.98 
1.00 
1 e 0 3  
1.06  
1 . 1 0  
1.14 
A -  1 9  
1-24 
1.30 
1.J6 
1.43 
1 e50  
1 . 5 8  
1 .ob 
1.75  
L.04 
1.74 
2. 0 5  
2.16 
2.28  
2 . 4 1  
2 . 5 4  
2.bO 
2 - 6 3  
2 .Y8 
J. 14 
3.32 
3.49 
3 - 6 8  
3.08 
4.09 
4 .30  
4 . 5 3  
4.76 
5 . 0 1  
5.27 
5 . 5 4  
5. P 2  
6.12 
6 - 4 2  
b o 7 4  

P R F  

I H Z l  

L 0 9 9  
609 7 
G O Y  0 
6000 
6065 
6045 
6 0 2 2  
5 9 9 5  
5 Y  6 4  
592Y 
5 0 0 0  
5849 
5 P O 4  
5756 
5706 
565 3 
5597 
5 5 4 0  
5 4 8 0  
5 4  19 
5 3 5 6  
5292 
5227 
5161 
5094 
3026 
4957 
4 8 9 0  
4 8 2 2  
4 7 5 4  
4686 
46 18 
4551 
4 4 8 5  
4419 
* 3 5  i 
4LJ3 
4 2 2 5  
4103 
4102 

398 3 
3Y25  
3869 
3 U 1 1  
1761 

4042 

A2 I MUTH 
A PL W l  URE 
I W t  1 E W S l  

2.35 
1.35 
2.35 
2.35  
2-36 
2 . 3 6  
2.37 
2.38  
2.38 
2.39 
2.40 
2 .42  
2 . 4 3  
2 e 4 4  
2 - 4 6  
2 . 6 7  
2 - 4 9  
2 . 5 0  
2.52 
2.54  
2.56 
2.58  
2.60 
2.62 
2.64 
2-66 
2.68 
2.70 
2.73 
2.75  
2 - 7 7  
2 . 7 9  
2.81 
2.t 4 
2. $6 
1.u8 
2.90 
2 .92  
2 - 9 4  
2.Y6 
2. '30 
2 . 9 9  
3.01 
3 .03  
3.04 
3.01 
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RADAR M A P P I N G  P A W A M E l E R S  F O R  .LER(I S O P P L C H  A l l W l H  POINTING 

O R B I T  E C C E N i R l C l T Y  * 0.3 
StI)E-LOIIK ANGLE 8 25.0 D E C R E E S  

UAVELENGTH 10.0 CM 
S W A T H  U l O T H  = 44.0  KH 

I R U t  I (HE 
A W P A L Y  

I U E G )  

0.0 
2 .  0 
4 . 0  
1.0 
8.0 

10.0 
12 .0  
14 .0  
1h.b 
1 d . O  
20 .0  
2 2 . 0  
2 4 . 0  
2b.5 
2u.o 
3010  
3 2 . 0  
34.0 
36 .0  
38.0 
4C.0  
42 .0  
4 4 . 0  
4b. 0 
411.0 
50.0 
52.0 
5 4 . 0  
5 6 . 0  
56.0 
60.0 
6 2 . 0  
64.0 
6 6 . 0  
60.0 
10.0 
7 2 . 0  
1 4 . 0  
7 6 . 0  
711.0 
bU.0 
111.0 
U4.0 
06 .0  
h 6 . O  
9 0 . 0  

I ! l R l  

-0.0 
0 .006 
0.015 
0.023 
0 . 0 3 1  
0.039 
0 . 0 4 1  
0 . 0 5 4  
0.062 
L;. 0 7 0  
c .o 7fl 
0.9U6 
o.0v4 
0 .  102 
c. 1 LO 

0.127 
0.135 
0.143 
0 . 1 5 2  
0 .16  1 
0. 169 
0.1 Ill  
0.187 
0.196 
0.2 05 
0 .214 

0. i i o  

0 . 2 2 4  
0 .233 
0.243 
0 .253 
0.L63 
OeL73 
0.2tl3 
0 . 2 9 3  
0 . 3 0 4  
0.315 
0 .326 
0.3?7 
0 . 3 4 9  
0.360 
0.372 
0 . 3 8 4  
0 .397 
0.409 

S L A N T  O R H l  T A L  O O P P L t R  G R A Z I N G  
A 4NCE VELOC I TY 

I K W S I  ( K H I  

4G4.6 
4 4 5 . 6  
44U.7 
453.a  
4 h l . C  
470.3  
4111.7 
495.1  
510.7 
5 2 8 . 4  
54d.  2 
5 1 0 . 2  
5 9 4 . 4  
1120.8 
b49.4 
680.3  
7 1 3 . 4  
740.9  
7 n 6 .  r 
0 2 7 . 0  
869.6 
914.7 

1012.5  
9hZ 4 

1065.3 
1120.7  
l l i d ,  f 
1239.6 
1303.2 
1369.4 
1 4 3 9 . 0  
1511.2 
I5Mh.4 
1 6 6 4 . 6  
1745.9  
LM30.4 
191 7 9 
LOOI\. 7 
2102.7 
Z Z 0 ~ . 0  
2 300.6  
2 4  04.5 
2511.7  
2 6 2 2 . 2  
2736.1  

0 .422 2 8 5 3 . 2  

0 -092 
8.091 
8.088 
b - 0 0 4  
8. C 7 d  
b .070 
6 . 0 6 0  
8 . 2 4 9  

8.021 
R.OU5 
7 e 9 8 6  
7.967 
7 .545 
7 . 9 2 2  
7 .  M97 
7 . 0 7 3  
7.U42 
7 . 6 1 3  
7 .781 
7 .  ?&a 
1.714 
7.670 
7 .641 
7 .602 

7 . 5 1 9  
7 - 4 1 6  
7 . 4 3 1  
7 .306 

7.29C 

a .036 

7 . 5 b l  

7 .330 

7 240 
7 . 1 8 9  
7 . 1 3 7  
7 .OOC 
7 - 0 1 9  
6.9 I 4  
6 . 9 l e  
61060 
b.no: 
6.7+3 
6 . 6 8 3  
6 . 6 ~ 2  
6.461 
6 . 4 9 8  

ANGLE 
I O E C I  

-0.0 
0.5 
0.9 
1 e4 
1 * 8  
2 . 3  
2 0 8  
3.2 
3.7 
4.1 
4.6 
5.0  
5 . 5  
5 . 9  
6 . 4  
6 .  H 
7 a 2  
7.7  
8 .  I 

M - 9  
9 . 3  
9. ' 

1 0 . 1  
10.5 
1 0 . 9  
11.3 
11.7 
12.0 
LL.4 
1 2 A  
1 3 . 1  
1 3 . 4  
1 3 . 7  
14.0 
14.3 
14 e 6  

14.9 
15.2 
1 5 . 4  
1 5 . 7  
'5.7 
l b .  1 
16.3 
16.5 
16.7 

0 . 5  

ANGLE 
l O t G 1  

63.2 
63.2 
63.2 
63.2 
63.1 
63.0 
62.9 
62. d 
62.7 
6 2 - b  
6 2 . 5  
62.3 
62.1  

61.7 

61.3 

bP. 1 
60.5 
60 .2  
5Y. 9 
59.5 
59.2 

61.Y 

61.5 

61.0  

sa.8 
50.4 
58 .  0 
57.6 
57.2 
56.8 
56.3 
55 .9  
53.4 
54.9 
54 .4  
53.8 
53.3 
52 .7  
5 2 . 2  
51 .6  
51.0 
50 .4  
49 .1  
49.1 
4n .4 
4 7 . 8  

LAT 

l o r '  

0 .  
2 " .  
4 . 1  
6 . 1  
0 . 1  

10.2 
11 02 
1 4 . 2  
16.3 
18 .3  
2 0 . 4  
2 2 . 4  
2 4 . 5  
2 6 . 5  
2 8 . 6  
30 .7  
32.7 
3 4 . 0  
36.9 
39 S O  
41.1 
4 3 . 2  
4 5 . 3  
47 .4  
49.5 
51 .6  
53.7 
55.9 
58 .0  
6 0 . 1  
6 2 . 2  
6 4 . 3  
6 6 . 4  
60 .5  
? O .  5 
72.5  
7 r . 4  
76 .1  
71 .7  
70 .O 
6 0 . 0  
UO.+ 

79.5 
7U.3 

00.2 

i O P C  

I;ES I 

1. a 
L .e 

-1.8 
-1 - 9  
- 1 . 9  
-2.0 
-2.0 
-2.1 
-2 .2  
-2.3 
- 2 . 5  
-2.6 
-2 .  ti 
-2.9 
-3.1 - t .4  
-3 .h 
-3.9 
-4 .2  
-4.5 
-5 .0  
- 5 . 4  
-5 .9  
-6 .3  
- 7 . 1  
- 7 . 0  
-0 .7  
-9.7 

-10 .0  - 1 2 . 2  
- 1 3 . 8  
-15 .7  
-18.0 
- 2 0 . 9  
-24.4 
-20  .Y 
-34.7 
- 4 2 . 1  
-51.5 
-63.3 
- 7 6 . 6  
-YO.8 

-103. 6 

-1.0 

-114.3  
76. 8 -122.8  

R A N G E  
43EF TUNE 
1 H C T C P S  1 

1.00 
1.00 
1.01 
I .02 
1.04 
1. Ob 
1.09 
1.12 
1. 16 
I .20 
1 . 2 4  
1.29 
1 .35  
1 . 4 1  
I .CB 
1 .5c 
1 . 6 4  
1 .72  
1.81 
1.91 
2.02 
2 . 1 3  
2 . 2 4  
2.37 
2 . 5 0  
2.64 
2 . 7 9  
2. 95 
3 . 1 2  
3 . 2 9  
3 . 4 0  
3 . 6 7  
3. M t l  
4.0Y 
4 . 3 2  
4 .54  

5.07 
5 .35  
5.65 
5.95 
6.28 
6.62 
6.90 
7 .35  
7.75 

4.81 

P R F  

IH; 

4936 
< 9 3 5  
451 1 
4924 
4 ) 1 5  
49 d4 
4890 
4873 
4854 
4M33 
41110 
4784 
4756 
4 7 2 7  
46Y5 
466 1 

45UY 
4551 
4 5 1 i  
4C70 
4 4 2 8  
4305 
4 3 4 0  
4 2 9 5  
42cv 
4202 
4 1 5 5  
4 1 0 7  
,059 
401 I 
396 2 
301 4 
3815 
31316 
3 7 b 8  
3 1 2 0  
J672 
3124 
357 7 
3 5 3 1  
J405 
3 4 6 0  
3395 
3352 
3309 

4fJ26 

A L  IMUTH 
APERTURE 

Mk T E R  f 1 

2.y0 
2.90  
2.y0 
2 . 9 0  
2 .91  
2 - 9 1  
2.92 
2 .92  
2 .93  
2 .94  
2 .94  
2 .95  
2.Y6 
2 . 9 7  
2.Y0 
3 .OO 
3.01 
3.02 
3 . 0 4  
3.05 
3.07 
3.08 
3 . 1 0  
3 . 1 1  
3.13 
3.15 
3.16 
3.18 
3 .20  
3.22 
3 . 2 4  
3 . 2 5  
3.27 
3.29 
3.31 
3.33 
3 . 3 4  
3.36  
3. 38 
3 .39  
3.41 
3 . 4 2  
3.44 
3.45 
3 - 4 4  
5.47 
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I O L L I  

0.0 
2 . 0  
4.0 
6.0 
11 .0 

10.3 
12.0 
14.0 
16.3 
l H . 1 1  
20.0 
72.0 
L4.O 
26. 0 
211.3 
30.0 
3:. 0 
34.0  
3b.0 
3tl. 0 
4 0 . 0 
42.0 
44.0 
46.0 
411. 0 
53.u 
5 2 . 0  
5'1.0 

5U.d 
O O . 0  
62.0 
64. d 
h6.0 
63.0 
70.0 
72.0 
7 ,0 
70.0 
l a .  0 
60.0 
P1.L'  
d'v. 0 
H6.0 
no. 0 
YU.0 

56.0 

I I I H  I 

-0.3 
0.0011 
0.01 5 
0.023 
0.031 
0.0JO 
0.047 
0.054 
0. )f,? 
0.J70 

0.066 
O.I)'/4 

c. 1 10 
0.1 A t \  
0.127 
U.135 
0.1113 
u.152 
0.!61 
c. 16') 
0. I711 

0. 1'Ib 
0 . 2 0 5  
0.214 
0.:.'4 
0.233 
0 . 2 4 7  
u.,'s3 
0 .263  
0.273 
O . L H 3  
0.295 
0. j J 4  
0 . 3 1 5  
0.3.26 
O.JJ7 
0. J4r) 
0.J61) 
0 .  ~ 7 2  
0 . 3 0 4  

0. 't09 

0.1) it; 

o. 102 

0 .  I t i  r 

o . i u r  

Q.422 3067.1 

&I dJ92 
t:.uq1 
8 . O i l 0  
6.0U4 
l4.378 
t i  .07u 
8 .Ql l0  
H . J + ~  
t3.d36 
6 . 3 2 1  
n .005 
7.Sd6 
7.'.'07 
7.945 
7 . 0 L L  
7.!?')7 
l . C I 0  
7 .  t l42 
7.01.l 

7.741 

1.678 

7 . 7 ~ 1  

7 .114 

7.04 I 
7.6U2 
7 . 5 6 1  
7.5 17 
7.4 7 0  
7.432 
7.38lJ 
7.J3b 
7 .  LVO 
7.241; 

7.137 
7 .  I n 9  

7.0tJ4 

b .7 7 G 
b I ') 1 I t  

(.no: 
b. 743 
L.6 t13  
6.622 

6 . 4 5 %  

r ,029 

h .  IlhC) 

6.561 

n N G L t  
( D C G I  

-0.0 
0 .5  
0.9 
1.4 
1.0 
1 . )  
2 .  t l  
3.2 
3 . 7  
4.1 
4.6 
5 .o 
5.5 
5.9 
6.4 
6.0 
I .L 
7.7 
8.1 
0 .5  
c . 9  
9 . 3  

10.1 
10.5 
10.9 
11.3 
11.1 
12 .o 
IC?.'. 

11. ;  
1 3 . 1  
13.4 
13.7 
14.0 
14.3 
14. t. 
. 4  . v  
15.2 
15 -4 
1 5 . 1  
15.Y 
16.1 
16 . 3  
16.5 
16.7 

9 . 7  

ANLLt 
(ntr , )  

5 7 .  J 
57. I( 
57.0 
51.7 
b7.7 
57.6 
57.5 
57.4 
57.3 
57. L 
57.0 
S6.a 
5b. 7 
56.5 
5 6 . 3  
56.0 
5 5  .H 
35.5 
55 .3  
> > . O  
54. G 
54.3 
54.0 
53 .6  
53 .2  
52 .0  
5 2 . 4  
>? .0 
51.3 
51.1 
50.6 
50.1 
4'). 5 
6 9 . 0  
4M.4 
41.8 

4 6 . b  
Cb. 0 
45.3 
4*. c, 
63.9 
43 .z 
42.5 
41.7 
40.0 

$7. 3 

L A 1  

I U E t i I  

O.G. 
2 . 0  
4 . 1  
b . 1  
8 . 1  

IO.? 
12.2 
l C . L  
16.3 
1 u.3 
2 0  .4 
22.4 
L4.5 
26 .5  
2 U . G  
30.6 
3 2 . 7  
3 4 .  u 
36.9 
3 u . 9  
41.0 
4 3 .  I 
4 5 . 2  
4 1 .  J 
4'). c 
51.5 
3 3 . 6  

57.u 
59.V 
6 2 . 0  
64.U 
66.0 
68.0 
6') .  Y 
11.7 

75.0 
76.3 
77 .Z 
7 7 .  d 
77.Y 
? 7 . 5  

75.5 

5 5 .  r 

7 3 . 4  

76. t 

LOhG 

L U t G I  

- 2 . 2  
-2 .2  
-7.2 
-2.3 
- 2 . 3  
-2.4 
- 2 . 5  
- 2 . 5  
-2 .b 
-2 .6  
-2.9 
-3.1 
-3.2 
-3 .4 

- 3 . 9  
-4.2 
-4.5 
-4 .9  
- 5 . 3  
- 5 . 1  
-6.2 
-6.8 
-7 .4  
-u .1 
-8.Y 
- 9 . 0  - 19.Ct 

-12. I 
- 1 3 . 6  
- 1 5 . 2  
- 1 7 . 2  

17.6 
-22.4 
-25 .u  
-3J.0 
-35.2 
-41 -6 
-49.3 
-5H -6 
-6') 2 
-80 .5  
-91.6 

- l O ~ . t  
L 10.3 

-3.7 

R 4 N G C  
APEYTURL 
I H t  T t R S l  

1.11 
1.11 
1.12 
1.13 
1.15 
1. 1I) 
1.21 
1.24 
1.26 
1.33 
1.3B 
1.44 
1. '10 
1.57 
1-65 
1.74 
1.113 
1.92 
2.03 
2.14 
L . Z b  
2.;9 
2 . 5 2  
2.67 
Z . & %  
L.YB 
3. 16 
3.34 
3.54 
3.75 
3 - 9 6  
4.20 
4.44 
4.70 
4.0B 

5 .  S O  
5.Y1 
6.26 
6.64 
7.03 
7.45 
T.90 

8.00 
9.42 

5 . ~ 7  

a. 3 7  

P w  

( t i21 

'11 I 2  
417 
4 1 6  
4164 
'tl'rd 
41:C 
4 1 4 0  
+A29 
41 16 
4 1 0 1  
40bS 
406 7 
4047 
402 7 
4004 
398 I 
)'/50 
3') 2 9 
3vi) 2 
3Gc 3 
3b44 
3 d i 3  
J 7 6 1  
3749 
3 7 ! 5  
368 1 
3646 
3611 
3 5 7 5  
3 5 3 9  
3502 
' 4 6 5  
34427 
3389 
3 3 5 c  
3314 
3276 
3238 
3LO0 
3162 
3125 
bJ87 
3 0 5 0  
3014 
L97li 
2 9 4 2  

AZlHUTH 
A p t  H TUR k 
( C t l  E R S J  

3.43 
3.43 
3. 44> 
3.1t> 
3.44 
3.44 
3.64 
3 . 4 5  
3.45 
3.46 
3 . + 1  
3.47 
? .4B 
3.4Y 
3.50 
3.51 
J. 5 2  
3 . 5 3  
3.54 
3.55 
3.57 
3.50 
3.59 
3.61 
3.62 

3 - 6 5  
3 e 6 6  
3.68 
3.09 
3.71 
3.72 

3.75 

3.bJ 

?.74 

3. r r  
3.78 
3.d0 
3.t11 
3.62 
3.84 
3.35 
3. H6 
3.d1 
3 .89  
3.90 
3.9 I 
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Table IV-10 Radar Mapping Parameters for  

Zero Doppler Azimuth Pointing 

e = 0.5 
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I A O A R  MAPPING PARAMETEMS FOR LERO DOPPLER A L I W T H  P O I N T I N G  

O R B I T  F C C E N T R I C I T V  * 0 . 5  
SIDt-LUIK AFtCL€ = 5.0 OCGWkt'S 

S W A T H  U l U T H  = 36.0 KM 
UAVKENGTH = 10.0 CM 

THUE 
ANGHALV 

1UtGl 

0.9 
2.r) 
4.0 
6.0 
6.0 

LJ.O 
12.0 
i4.c) 
16.9 
I b . 0  
20.0 
22.0 
24 .0  
? h . O  
2 b - O  
JU.0 
32.0 
34.0  
36.5 
36. G 
40.0 
42 .0  
44 .3  
46.J 
*A. u 
50.0 
5 2 . 6  
54.  0 
56.0 
5 0 . 0  
60.0 
6 1 . 5  
b4.0 
6L.e  3 
bd.5 
I d . 0  
72.0  
74.3 
7b. il 
7u.3 
n0.a 
rIC.(l 
84.0 
66.0 
r1a.o 

9U. 0 

1l"t  

It* l 

-0 .0 
@ . W 7  
0.014 
Ij. 022 
0.029 
0.036 
C. 04 3 
0.051 
0.05q 
0. 565 

c. Otl0 
0.I)tld 
0.Wh 
0.103 
0 . 1 1 1  
0.119 
0.127 
0.135 
0. 1 4 4  
0.152 

0.073 

0.161 
0.16') 
0.170 
0. I t ) ?  
0. l ' )h  
0.100 
C . 2 l K  
0 . 2 L 5  
0.2 35 
O.7%,5 
0 , 7 5 6  
0 . 2 6 7  
& ? I O  
0.26.) 
u. 10 1 
0.113 
0 . 3 2 5  
J .33(?  
0.3ra 1 
c. 3b+ 
0.37b 
0.392 
0.4J7 
0 . 4 2 )  

S L W T  O R R I T A L  UOPPLt-R CRALIhG 
RANGE V E L O C I T Y  

IKW/S) t K M l  

4d1.6  
453.0 
457.u 
413. 1 
423 .2  
435.4 
4w. 3 
466. I 
4Hd.b 
512.1 
513.4 
5b7.9 
600.2 
635.7 
614.4 
716.3 
761.7 
niu .5  

519.0 

Hb2.9 
91'3.0 

1043.0 
1111.0 
1181.4 
1260.3 
1341.9 
1424.4 
151'4.9 
LG16.9 
1719.4 
I JZ7.9 
1'341.6 
2063.U 
2192.0 
f! $ 2 7 . 4  
29 10.5 

2 I iI l .R 
1951.0 
J L 3 O . I  
3319.5 
352P. 2 
J732.9 
3 95t i .  6 
4 l'ji) I 

2 6 2 i . 8  

0.439 4452.8 

1) .692 
U.651 
R.i.U? 
6.601 
8.613 
[i -663 
8.65C 
8 . 6 3 4  
6.617 
( i . S ' j 1  
8.575 
8.550 
1.523 
tl . 4 w  
H.463 
8.429 
8 . 3 9 3  
8.355 
6.315 
b d 7 2  
6.2LI) 
8.1P1 

e .ou 1 
6.r)27 
7 .972  
7.915 
7 .:I55 

e. 132 

7.794 
7 . 7 3 1  
7.6LC 
7.550 
7.529 
?.+',a 
7.386 
7 . 3 1 1  
1.2J5 
7.151 
7.0 7 6  
6.93? 
6 .'a 1 't. 
6 . 8 3 0 
6 . 7 i i  
b . 657  

6.'*19 
6.C68 

ANtiLE 
I DLC) 

-0.0 
0. I 
1.J 
2 .U 
2.7 
3 . 3  
4 .O 

5.3 
6 - 0  
6.6 

7 .9  
fJ.6 
5.2  
9. Y 

10.5 
11 .2 
11.1) 
12.5 
13. I 
13.7 
1 4 . 3  
14 .9  
15.6 
1b.L 
16 .O 
1 7 . 4  
17.9 
18.5 
19.1 
1'; 7 
20.2 
29.0 
21.3 
2 1  e 9  
' i . 4  
:i :i 
23 .c 
23 . 
24. I 

7 G . i  
. 1 . 3  

; 5 . :  
26.  L 
26.6 

4 . r  

7 . 3  

A N G L E  
1 3 L G )  

84.7 
0 4 . 6  
t l 4 .  !j 
86.3 
03.9 
8 i . b  
83.1 
Ad. 7 
62.1 
01.6 
81.0 
$0.4 
79.7  
7%. I 
7d.C 
77 .7  
7 6 . Y  
76.2 
75. 4 
74.0 
73. u 
7 3 . 0  
72.1 
71.3 
70.4 
69.5 
bH.5 
b l . 6  
46.6 
h5.6 
64 .5  
63. 4 
62.3 
61.2 
60.  J 
511.;) 
57.9 
5 6 . 2  
5% .Y 
Ej .4  
r r . 9  

5 0 .  

4 ?  - 2  
C ' . C  
4 3  Lz 

C I  

.I-.< 

LA T 

I O t C  1 

0 .o 
2.0 
4 .1  
6.1 
6.2 
LO.2 
12.3 
14.4 
16.4 
16.5 
20.6 
L2.7 
c*.$ 

2 t . 9  
29 .0  
J 1 . L  
33.3  
35.5 
37. I 
3Y.Y 
42. I 
44.3 
41.6 
C8.Y 
51.2 
>3. 5 
55.3 
5 u . 3  
6 0 . 7  
63.1 
6 5 . 6  
0 0 . 1  
ro. i 
13 .3  
75.9 
7 b . C  
61.2 
0 2 . ' :  
U u . 4  
t?t.b 
(16. 1 
d j .  3 
80.  3 
IT . . ' .  
7J.Y 

1 D t t i l  

-0 .3 
-0.3 
-0.3 
-0.3 
-0.4 
-c. 4 
-0.4 
-Q. 4 
-0 .4  
-0.4 
-0.5 
-0.5 
-0.5 
-0.6 
-0.6 
-0.7 
-0.7 
-0.8 
-0.9 
-1.0 
-1.  I 
-1.2 
- i o 3  
- 1 . 4  
- A  -6 
-1.8 
-2.0 
-2 .3  
-de6 
- 3 . 0  
-3.5 
-4. I 
-4.8 
-5 .9 
-7 .4  
-9 6 

-13.3 
-20.3 
-313. I 
-9i.6 - L40.7 

-156.6 - i63.1 
- L b G . L  
-160.7 

70.5 - 1 1 0 . ~  

0.99 
0.99 
1.00 
1.02 
1.05 
I. 08 
1.11 
I . l a  
1.2 I 

1.34 
1.41 
1.50 
1.5') 
1.69 
1.80 
1.92 
2 . 0 5  
2.19 
2.34  
2.50 
2.48 
L.87 
3.07 
3 . ;9  
3.52 

c.04 
4 . 3 3  
4.64 
4 .98 

.34  
5.13 
G . I S  
6.60 
1.10 
7.64 
8.23 
d . 8 7  
Y.5L 
IO. 3 6  
;1.2.? 
12.18 
13-26 
14.48 
15.86 

.1.27 

3. r r  

29254 
2a9v 5 
28250 
27136 
25771 

22755 
21270 
1986 1 
1 U 5 5 1  
11344 
1623Y 
152>2 
14315 

L u r 6  

1 3 4 ~ 9  
127 Ab 
LZJL9 
11383 
10793 
10253 

' 1755 
929 3 
8166 
8468 
809 1 
7 l 5 1  
142 1 
7123 
68 37 
6568 
6 3 1 5  
LO76 
5849 
5 6 3 5  
5 4 3 :  
52 39 
5056 

4717 
4559 
4409 
4206 
4129 
3 Y Y U  
3s I4 
3155 

w a z  

AL I RUTH 
APEM l U R L  
LCCTCWSl 

0.53 
0.53 
0.54 
0 .51  
0.60 
0.63 
0.67 
0.72 
0.11 
O.CL 
0.d1 
0.93 
0.99 
1.05 
1 . 1 1  
1.11 
1.24 
1.30 
1.36 
1-63 
1-49  
1.56 
A 062 
1.69 

1.u2 
1.89 
1.95 
2.02 
2.08 
2.15 
2.21  

2.14 
2.40 
2 . 4 ?  
2 . 5 3  
2.59 
2. G 5  
2.71 
2.77 
2 . d 3  
2.d0 
2.94 
3 .oo 
3.05 

1.15  

2.20 
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RADAR MAPPING PARAMCTCRS TOM L L R O  OnPPLtA ALIMUTH POINTING 

O R F I T  E C C E N T P I C ' l Y  9 0.5 
SIOE-L1)0K A&GL& 10.0 DECREES 

SWATH Y l D T H  5 3b.0 KM 
WLVELEhClH = 10.0 CH 

T R U E  T I  ME 
AWMALY 

I U € C I  

0.0 
2.0 
4.0 
6.0 
8. G 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.3 
20.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.5 
4 i . o  
4tJ. !I 
C P , . )  
56.3 
Si. i J  

54.0  
Sb. 0 

bo.: 
tJ2 .o 
(I 'r. 0 
hQ.3 
:, a . 0 
7 t r 3  
72.0 
i 4 . 0  
7L.i 
7 1 . 0  
Ob. 3 
e 2 . 0  
86.0 
Jb. 0 
88.0 
YO. 0 

ie.+s 

(HR) 

-0.0 
0.007 
0.014 
0.022 
0.029 
0.036 
0.043 
0,051 
0.058 
0.065 
0.073 
O.Od0 

O.OY0 
0.103 
0.111 
0.119 
0.127 
C.L35 
G. 144 
0.152 
0.!61 
0.169 
C.:Td 
0.187 
G a l 3 5  
0.206 
0.2 1 > 
(3.;25 
L 2 ? 5  
0 .245 
0 . 2 5 6  
0.267 
C.278 
U.Ztl'# 
0.1.31 
0.J13 
3 .32  5 
0 -  131, 
C.3'*1 
0.364 
0.37P 
0. j f s  2 
0.401 
0.421 
0.4 39 

o.oes 

SLAFtT ORRITAL OOPPLER GRAZING 
R A N G E  V t L O t l  TY  

I R W / S )  

8.692 
0.691. 
(1.6d7 
0.681 
8.673 
8.663 
U .bSO 
4.634 
8.617 
M.591 
a.573 
8.550 
8 . 5 1 5  
8.454 

8.52'3 
8.463 

8.355 
8 . 2 9 3  

8.319 
6.272 
8.229 
P.18: 
a. i :2 
5, hJl 
-1. :. 2 7 
2.972 
7.91s 
7.a55 
7 .7m 
7.73L 

r.5're 
7.529 
7 .<5 f i  
I -2r.6 
7.31)  
; . t i 5  
I 1 5 7  
I .  c 71) 

6 . 9  "t 
6 . 8 3 3  
6.744 
6.65; 
!* .568 
z 6 7 9  

7 . 0 f ~ b  

6 .'15 ' 

AWL€ 
IDLC)  

-0.0 
0.7 
1.3 
2.0 
2.7 
3 . 3  
4 .O 

5.3 
4.7 

6.0 
6.6 
7.3 
7.Y 
8 -6 
9.2 
9.9 

10.5 
11.2 
11.6 
12.5 
13.1 
13 .7  
14.3 
14.9 
I5.6 
I t  .2 
16 .E 
17.6 
1 7 . 9  
16.5 
19.1 
14.7 
z o . 2  
29 .9  
21.3 
: 1 .'> 
id.** 

L <  'r 

2 ) :  
?%.  
; 4 . 9  
2-1.3 
7 5 .  ' 
26.  r 
26.6 

-, *. 
_ I  

ANGLE 
1OECI  

79. j 
79.3 
79.2 
79.1 
7d.9 
78.7 
75 .5  
70.2 
7 f . t )  

77.0 
7 t . S  
7b.A 
r5.5 
75.0 
74.4 
73-8 
73.2  
72.5 
i l .  6 
71.1 

77.4 

70.4 
6 Q .  JJ 

6tl.B 
68 1' 

6 7 . 1  
66 e 2  
63.3 
64. 4 
63.4 
62.4 
61.3 
69.3 
5Y.  1 
5 d e O  
h . 2  
5 5 . 5  
54.2 
q2. 0 
>,.4 
5.#.0 
4 8 . 4  
4 t  . d  
4 5 . 1  
4 3 . 4  
41.5 

L AT 

(UEC) 

0.0 
2.0 
4.1 
6 -  1 
6.2 

10.2 
120 3 
14.4 
16.4 
18.5 
20 -6 
22.7 
24.8 
21.9 
29.0 
31.2 
33.3 
35. 5 
37.7 
39.9 
42.1 
.c.3 
46.6 
46.9 
51.2 
53.5 

5.6 
56.2 
b0.6 
h 3 . 1  
65.5 
66.0 
70.5 
7 3 . 1  
r5.6 
76.1 
eo.(, 
b2.V 
1 4 . 7  
J 5.2 
6% .o 
d 1 . 9  
7'r , \'. 
7b- U 

COh i 

I UEG 1 

-0.7 
-0.7 
-0.7 
-0 .7 
-0.7 
-0.7 
-0.8 
-0.8 
-0.8 
-0.9 
-1 .o 
-1.0 
-1.1 
-1 .2 
-1.3 
-1.4 
-1.5 
-1.6 
-1.8 
-1.9 
-2.1 
-2.4 
-2.6 
-2.9 
-3.2 
-3. 6 
-4. I 
-4 .6  
-5.2 
-6 .O 
-7.0 
- 8 . 2  
-9.8 

- ; 1 . G  
-14.u 
-i?-.Q 
- 2 3 . 3  
-37.+ 
-5C.7 
" 7?.L 

- ' ? L . l  
-1 . '  I 
-14tJ .b  
-154.' 

RANGE PRF 
APERTURE 
I M T E M S )  I H L t  

1-02 
1.02 
1.03 
1.05 
1.01 
1.10 
1-14 
1.19 
1.24 
1-31 
1.37 
1.43 
1.54 
1-63 
1.74 
1.95 
1.97 
2.11 
2.25 
2.41 
2.58 
2.76 
2.95 
3.16 
3.36  
3.63 
3-89 
4 - 1 7  
4.67 
4 . 7 q  
>.14 
5.52 
s . 9 2  
6 .  j b  
0. is4 
t - l t  
7. q3 
Y.5b 
9 - 2 4  
*+A Y 9  

l U . 2 3  
-1.76 
12.00 
i 3 .97  
15.31 
16.84 

1 4 6 8 3  
1464Y 
14541) 
1 4 3 M S  
14165 
33895 
13564 
13260 
128 7 A 
12465 
1 ZOM 7 
l l b 8 6  
11205 
1ot)de 
1 9 C 9 d  
l o l l 7  

Y 7 4 6  
9390 
9045 
8713 
8395 
8J89 
77'36 
751b 
7 2 4 7  
699 1 
6 7 4  5 
6510 
6 2 8 5  
6070 
58c4 
566 I 
541Y 
5 2 9 6  
5124 
$958 
C7YV 
4b4T 
4500 
4360 
4 2 2 5  
4095 
3971 
3852 
3738 
362 8 

AZ 1 W T H  
A PCRTUKE 
t WE r E R S I  

1-05 
1.05 
1 .Ob 
1 A 7  
1.08 
1.10 
A -  13 
1.15 
I . lM 
1.22 
1.25 
A .LY 
1.14 
i.Je 
1 . 4 3  
1.47 
1.52 
1.57 
1.63 
1.68 
A. 7 3  
1.19 
1.65 
1. YO 
1 -9b 
2.02 

2.1: 
?.is'  :. 2'. 
1.3a 
2 a 3 7  
2 . 4 3  
2.43 
2.55 
1.61 
2. 6 T  
2.  I2 
2. Id  
2 . 8 4  
2.69 
2.95 
3. OU 
3.06 
3.11 
3.1b 

2. oe 
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RAOAP WAPYlhtG P A R A H L T C P S  FOR t t R U  lWPPLtR A Z I M U T H  P U l N r l l v G  

I I U l \ I T  t C C E N T R l C l T Y  = 0 .5  
S I D C - L l l i l K  Ar4l;LE = 15.0 0 t C ; R t E S  

S h A l H  Y I O T H  = 36.0 K M  
uAvfLtNt;Tti = 13.0 cn 

l i l t  G )  

(r.J 
2.0 
4.5 
1.0 
t!. 0 

10.0 
l i . 0  
14.0 
1C.Q 
I &I. 0 
20.0 
Li.0 
?4I 0 
i L . O  

30.0 
32.3 
34.0 
3b. 0 
Jd.0 
41). 0 
42.0 
44.v 
4c. 0 
4u.o 
5J.O 
57.0 
54.0 
56. J 
5ii.u 
60.0 
b2.U 
64.0 
b6e  0 
6 8 . 0  
70.0 

20.0 

T Z .  0 
74.0 
76.0 

30.0 

84.0 
1, .-9. r) 
8 8 . 3  
90.0 

719.0 

nz.0 

[I lk I 

-U.O 
0.007 
1).U14 
0.322 
0.02'1 
0.036 
C.04 b 
0.051 

c. Jl.5 
0.07 3 
O.*)tll) 
0.1~: n 
0.036 
0.103 
0.111 
0.11') 
0.127 
0.135 
0.14'* 
0.152 
0.1crl 
O.!f*'J 
0.1 I 3  
0. Ill I 
O.! ' ,h 
o.:vtI 
0 . 2 1 5  
ll.c?2 5 
c.215 
0.245 
C . L S h  
0.267 
9.2711 
0. cu9 
I ) .  10 1 
0.313 
0.325 
0 . 3 3 d  
C. 35 1 
0. )!,I 
0. l 7U 
0.392 

o.nbe 

0.'*07 
0.423 

I K M )  

4 1 5 . 1  
416.5 
420.7 
421.6 
417.4 
45J.J 
465.5 
41.13.8 
505.1 
520.4 
556.7 
5tJ1.0 
620.6 
657.3 

75d.9 
td7.9 
630.5 
892.9 
051.1 

101 3 . 3  
1079. 7 
11',0.5 
1225.7 
1 303.6 
1390.5 
I 4 t l l l .  !J 

I S  0 . 0  
1677.0 
17114. 1 
lR'?7.4 
2 0 1 7 . 4  
2144.4 
227b.8 
2621.1 

,7731 - 2  
23 01). 3 
3073.6 
3 2 6 9 . 8  
J i 7 1 . 8  
3bll6.6 
3915.2 
"15V. 1 

697. 4 

2 b i i . r  

4 4  19. b 
0 .439  4699.6 

c i  .b'12 

fl.brl7 

8 . h l 3  
J.663 
D - 6 5 0  
0.b34 
R.bI7 
cl.!b9 I 
8.575 
8.S50 
d e 5 2 3  
0.454 

tl.479 
F .  293 
8.355 
8.1.5 
n .27L 
0.22u 
U - l M 1  
11.132 
@.On1 
8 . 0 2 7  
7.072 
7.Vl5 
7 .rl55 
7.7v4 
7.7J l  
7 -666 
7.59.3 
7.529 
7.*3u 
1,386 
7.311 
7.2J5 
7.157 
7.078 

8 - 6 Y l  

8 -60 A 

8-5b3  

6.797 
bey14 
6.d30 
6.744 

ts.560 
6.479 

h .t,s r 

APrGLL 
IUCti )  

-0.0 
0.7 
1.J 
2 .o 
7.7 
3 . 3  
4 -0 
4.7 
5.3 
6.0 
6.6 
7.3 
7.9 
U.6 
9 .z 
0.9 
1015 
11 .2 
11.8 
I2 .> 
13.1 
13.7 
1 4 . 3  
14.9 
lS.C 
16.2 
l L I d  
17.4 
17.9 
18. > 
19.1 
19.7 
i0 .Z  
20 .u 
71.3 
L1.Y 
22.4  
2, .9  
23.4 
23.9 
24 .'t 
24.R 
2 5  - 3  
25.7 
26.2 
26.6 

A%GL C 
lOiG) 

74.0 
74.0 
1i.v 
73.8 
73.1 
73.5 
73.3 
73.1 
72.9 
72.6 
72.2 
71.9 
11.5 
11.1 
10.6 

63.6 
6'). 1 
6r(* > 
67.9 
67-.I 
66. LI 
b5.Y 
65 .2  
64.4 
63.6  
62.O 
b1.9 
61-0 
60. 1 
5 C I .  1 
511.1 
57.3 
r c  

54.H 

5 2 . 3  
51.0 
49.7 
4J.2 
46.7 
4 5 . 2  
4 : .5  
4 1 . 7  
3Y.0 
37.9 

ro. 1 

J J - S  

53.0 

LAT 

I O k G )  

0.J 
2 .o 
4. 1 
6.1 
0.2 

10.2 
12.3 
14.4 
l b . 4  
l U . 5  
20.6 
22.7 
24 .ti 
Zb.9 
29.0 
31.1 
33.3 
3 5 . b  
3 7 . 6  
39. a 
42.1 
4 4 . 3  
46.5 
4 E . O  
51.1 
>3.4 
55 .8  
5 8 .  1 
60.5  
62.9 
bS. 4 
67.U 
70.2 
IL. 7 
75.1 
71.4 
79.6 
i1.4 
t i2  .6 
O L . 6  
81.5 
79.5 
16. Y 
74.0 
70.8 

LGhG 

I O t t i l  

-1.1) 
-1  .o 
-1.0 
-1.1 
-1.1 
-1.1 
-1.2 
-1.2 
-1.3 
-1.4 
-1.4 
-1.4 
- I  .7 
- A . f i  
-1.9 
-2.1 
-2.3 
-2.5 
-2.7 
-3.0 
-3.3 
- 3 . 6  
-4.0 
-c.4 
-4.9 
-5.5 
-6.2 
-7.0 
-8.0 
-9.2 

-10.6 
-12.5 
-14.8 
-17.9 
-22.1 
-2U. 1 
-37.0 
-50.4 
-69.7 
-92.9 

-113.5 
-128.1 
-137.8 
-144.2 
- 1 4 8 . 6  

RANGE 
AP ER T URk 
1 W E  7tWS 1 

1.06 
1 .Ob 
1.dG 
1.09 
1.1.' 
1.'.5 
1.19 
1.24 
1.30 
1.36 
1.44 
1.52 
1.41 
1.11 
1.82 
1.94 
2.07 
2.2; 
2-36 
2.52 
2.10  
2 - 1 9  
3.10 
3.32 
3.56 
3 . b l  
4.09 
4. 39 
4.71 
5.06 
5.43 
5 - 6 4  
6-26  
6.71 
7.28 
1. tJ5 

9 ,  16 
9 .v3 

10.17 
11.71 
12.77 
13.98 
15.35 
16-94 

a .+d 

l a .  79 

PAF 

(HZ 1 

9U5l 
9 U 4 0  
9JO') 
r -56  
6dC 

9593 

9361  
9222 
9072 
89 10 
&73Y 
U S 6  1 
d17d 
8189 
799d 
7805 
7611 
Z417 
7224 
7932 
6U43 
6657 
6 4 7  3 
bZY .I 
61 1 7  
5Y45  
5176 
5612 
5452 
5296 
5145 
499 I 
4bb'r  
4115 
4580 
4450 
412 3 
4i.00 
408 1 
3966 

3747 
3642 
3542 
3445 

3054 

dL I MUTH 
APLUTURE 
tclt. i t a  5 1  

1.56 
1.56 
1-57  
1.51 
1.50 
1 - 6 0  
1.61 
1 -63 
1-65  
1-61) 
1.70 
1.73 
1.76 
1.7Y 
..63 
1 .Ub 
1.90 
1 . v4  
1 098 
2.03 
2.07 
2.11 
L . l h  
2.21 
2 - 2 6  
L. 3 1  
2 . 3 0  
2.61 
2 - 4 6  
2 - 5 1  
2 - 5 6  
2.61 
2.6; 
2.72 
L . l l  
2.82 
: 0 8  
2.93 
2.90 
3 - 0 3  
3.08 
3.13 

3.23 
3-26 
3.33 

3.10 
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RAUAR H A P P I N G  P A W A M E T t R S  FOR iERO O O F P l t R  A Z l H U T H  POiNTING 

ORBIT E C C E N T R I C I T V  0.5 
SIDE-LOOK ANGLE 20.3 DtGR€ES 

SWATC( MIOTP 36.0 KH 
WAYELLIYCTH = 10.0 CH 

I D € C I  

0.0 
2.U 
4.0 
6.0 
6.0 

10.0 
12.0 
14.0 
16.0 
11.0 
20.  J 
22.0 
24.0 
26.0 
ZJ.0 
30.0 
32.0 
34 .0  
36.0 
38.0  
40.0 
4 7 . 5  
44.0 
4 (3. 0 
4b .  0 
50.0 
52.0 
54 .0  
5b. 0 
5n.3 
60.0 
G L . 0  
64.0 
66.0 
( > $ I .  0 
70.O 
71.0 
14. 0 
I h . 0  
7h.0 
ct0. 0 
WL.0 
h4.0 
96. c) 
btJ.O 
'10.0 

IHR I 

-0.J 
0.007 
0.014 
0.022 
0.029 
0.0 3 6  
0.043 
0.051 
0.0511 
0.065 
0.073 
0.080 
0.0L)B 
0 .096 
0.103 
0.1 I t  
0.119 
0.127 
0 . 1 3 5  
0.144 
0.152 
0. I6 I 
0.169 
0. t 70 
0.1R7 
0.196 
0.2 06 
0.215 
0.225 
0.255 
0.245 
0 . 2 5 6  
C. 267 
0.27R 
0.2139 
0.301 
0.313 
c. 325 
O.)JR 
0.351 

0.311) 
0 .392 
0.407 
0.42 

n. 364 

RANCt  V E C I X I T Y  
(ani  

427.6 
429.0 

440.5 
450.6 
4 6  3.6 
47Y.5 
498.4 
520.4 
545.4 
573.6 
604.9 
6.LY.5 
677.5 
7 LI.9 
763.6 
H 12- 3 
H64.6 
',:o.P 
Y d l . 0  

1 1 1 4 . 1  
l l J ? . 4  
1265.3 

4 3 3 . 3  

1045.4 

1.i49.2 

1529.G 
I C  36  3 

1628.9 
1734.0 
l V 4 5 . 5  
1963.6 
2 0 an. 8 
2221 .5  
z jsz .  1 
2511.3 
266' io 5 
2 0 3  1.5 
3015.9 
3205.7 
)cor .7 
3623.0  
JRSJ. I 
40Y9.3 
4161. ? 
$648.4 

I K C / S j  

8.692 
A - 6 9  1 
8.687 
U.681 
8.673 
8.663 
6.650 
8 0634 
no617 
8.597 
tl.515 
0.550 
8 .523 
a. 494 
r3.463 
b -429 
8.393 
8 . 3 5 5  
8.315 
6.272 
8.228 
8.101 
8.132 
3.OHl 
13.027 
7.972 
7.915 
7.855 
7.794 
7.731 
7.666 
7 . 5 9 8  
7.529 
7.450 
7.3C6 
7.311 
7.2 35  
7.157 
7.070 
6.'49 I 
6.914 
6.830 
(1.744 
6 .657 
t.5hn 
6.479 

AhLLE 
I D t G )  

-0.0 
0.7 
1.3 
2.0 
2.7 
3.3 
4 e 0  
4.7 
5.3 
6 00  
6 *b 
7.3 
7 .9 
ti -6 
9.2 
9.9 

10.5 
11.2 
11 .U 
12.5 
L3.1 
13 - 7  
14.3 
14  .Y 
15.6 
16.2 
16.6 
11.1 
17.9 
1P .5 
19.1 
13.7 
20 .z 
21.3  
21.9 
2 2 . 4  
2 2  .(I 
23.4  
2 3 . 9  
71. . 4  
24.8 
2 5 . 3  
2 5 . 1  
26.2 
26 -6  

20.8 

PhGLt  
I i ) t u )  

60.  b 
6d.6 
6 0 . 6  
b(i. 5 
68.4 
6 d  .Z 
b8. A 
67.9 
67.7 

67 .1  
66.0 
60.5 
66.1 
65.7 
65.3 
64.9 
64.4 
61. t )  
6 3 . 3  
h 2 . 7  
6 2 . 1  
61.5 
6O.n 
63. A 
5v .  3 
58.5 
57. 7 
5b. 0 
55.9 
54.9 
53.9 
52.9 
51.8 
50.6 
49.4 
48.1 
46.8 
43.4 
43.Y 
4L.3 
4c.  7 
3it.9 
17.0 
34.9 
32.7 

67.4 

L A 1  

I D € G J  

0.0 
2.0 
4.1 
6 -  1 
8 . 2  

1s.2 
12. 3 
14.4 
16.4 
18.5 
20.6 
22.7 
24.t) 
2b.Y 
290 0 
3 1 - 1  
33.3 
35.5 
37.6 
39.8 
42.0 
4 9 . 3  
66.5 
c0.u 
51.0 
53.4 
55.7 
56.0 
60.4  

65.1 
6 2 . 1  

6 1 . 5  
6Y.8 
72.1 
7 4 . 3  
7c. 4 
7b. 2 
7v.5 
$0.  I 
7'). t 
7u .5 
7b. 5 
1 4 . 0  
7 1  .I 
bU. 0 

LONG 

IDECl  

-1.4 
-A*4 
-1 .4 
-1.4 
-1.5 
-1.5 
-1.6 
-L.7 
-1.8 
-1.9 
-2.0 
-2. I 
- 2 . 3  
-E .+  
-2.6 
-2.9 
- 3 . 1  
-3.4 
-3.7 
-4.1 
-4.5 
-4.9 
-5 .4  
-6.0 
-6.7 
-7 .5  
-8.5 
-3.6 

-10.9 
-12.5 
-14.5 
-11.0 
-20.1 
- 2 4 .  2 
-29.6 
-36.9 
-46 .9  
-60.2 
-76.6 
-93 .9  

-100.1 
- 1 2 1 . 0  
-129.6 
-135.9 - 140. 5 

64.5 - 1 4 3 . 9  

.;.rGE 
A P E R T U R E  
I H E T E R S J  

1.13 
1. A3 
1.14 
1. Ib 
1. 19 
I.  23 
1.27 
1.32 
I . j 8  
1.45  
1.53 
1.62 
1.71 
1.82 
1.04 
2.07 
I .?O 
L e 3 6  
2 . 5 2  
2.70 
2.09 
3.10 
3 . 3 2  
9 - 5 6  
3.U2 
4.10 
4.41 
4.74 
5.09 
5 .40  

6.35  
6-84 
7.39 
7.90 
8 . b 4  
9-36 

10.16 
11.06 
i2.0 1 
13.22 
14.53 
lb .05  
17.82 
A9.94 
22.52 

5 - 6 9  

PRF 

(HZ I 

7455  
7 4 5 0  
7 4 3 5  
74L1 
7377 
7535 
7263 
7224 
71 5 6  
7081 
b Y Y 9  
a911 
6817 
6719  
0615 
6 5 0 8  
6397 
b2M 3 
0167 
6 3 4 9  
5930 
5G09 
5 b d 8  
5566 
54*5  
5 3 2 4  
5203 
5364 
4 9 6 5  
4 b 4 U  
4 7 3 2  
4b18 
450 5 
4304 
42u5 
4L79 
4074  
3 3 7 1  
367 1 
3 T I L  
3076 
>5d 3 
343 1 
.co2 
331b 
323 I 

A 2  1 MUTH 
APEWTUR€ 
I C E I E R S )  

2 .0b  
1.06 
2.07 
2.07 
2.08 
2 -09 
2.10 
2. 1 1  
L. 13 
2.15 
2.17 
2.19 
2.21 
2.24 
2.26 
2 .29  
2.32 
2.  J!J 
2.39 
2.42 
2.C5 
2 . 4 9  
2-33 
2 .57  
2.61 
2.65 
2 . 6 9  
2 . 7 3  
2.78 
2.82 
2.137 
2.')1 
2 .')6 
3.00 
3.35 
3 e 0 9  
3.14 
3. I 9  
3.23 
2. LLI 
3.33 
3.37 
3.42 
3.46 
3. 50 
3.55 
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PAUAR M A P P I N G  P A U A W t l E A S  FOR LLRO OOPPLtR A Z I W J H  P O 1 ) Y J I N C  

O R B I T  C C C E N T R I C I I Y  = 0.5 
sIoE-Lunk; ANGLE - 25.0 DCGREES 

SWATH U I O T H  = 36.0 KM 
WAVCLENGTH 10.0 CW 

. IUt-CI 

0.0 
2.0 

6.0 

10.0 
12.0 
14.0 
1b.O 
18.0 
20.0 
22. 0 
2*.  0 
26.0 
L S . 0  
30.0 
32.0 
34 .0  
30.0 

4.0 

8.0 

38 .0  
4?). 0 
42.0 
44 .0  
46 .0  
4 d .  0 
50.3 
52.0 
s4.0 
56. 0 
5d.0 
60. 0 
62.0 
04 .0  
66.0 
68.0 
70.0 
72.0 
74 .0  
76.0 
711.0 
80.0 
82.0 
84 .O 
86.0 
88.0 
90 .  0 

I t4M I 

-0 .o 
0.007 
0.314 
o . w L  
0.029 
0.336 
0.043 
0.051 
0 .o 5 8  
0.06 5 
0.0 73 
C.')dO 
0.31k 
0.096 
0. LO3 
0.111 
0.119 
0.127 
0.135 
0.144 
0.152 
O m L 6 1  
0.169 
0.176 
0.187 
0.196 
0.206 
0.215 
0.225 
O . L j 5  
0.245 
0.256 
0 1 2 6 I  
0.27U 
O . Z A 7  
0.301 
0.313 
0.325 
0.338 
0. j 5  1 
0.364 

c .  392 
0.407 
0 .423 

0.378 

SLANT O R B I T A L  I)OYPLER C R A Z I N G  

I K H J  

444.6 
C C h .  1 
450.5 
45U.O 
46d. 5 
4RZ.I 
498.7 
5 18.4 
541.3 
567.4 
5960 7 
629.4  
665.5 
705.1 
740.3  
795.3 
846.0  
900.  I 
959.4 

1022.4 
1089.9 
1161.9 
12 38. 7 
1320. 5 
1407.6 
1500.2 
1 5 ' )  6.7 
1703.2 
1014.2 
1932.1  
2057.3 
2193.L 
2331.3 
2401.4 
2641.0 
2810.b  
2991.b 
3 104.9 
3391 .3  
3612.5 

4105.6 
4382.7 
46 84 . 2 
5015.0 

3049.9 

RAFtGE V C L O C I T Y  
1 U P l S I  

0.439 S381.9 

8 -692 
6 -6% I 
8.667 
0 -6U 1 
8.673 
8.663 
8 .GSO 
8.634 
8.617 
8.597 
8.575 
6.55U 
8.523 
8.494 
6.463 
8.429 
0.333 
8.355 
8.315 
8.L72 
0.228 
8.181 
8.  I 3 2  
8.0d1 
8.027 
7 .972  
7.915 
7 .855 
7.794 
7 .731 
7.666 
7.590 
7 a529 
7 . 4 5 8  
7.386 
7 .311  
7.235 
7.LST 
7.078 
6.S91 
6.914 
6.03C 
6 .7*4  
6.657 
6.568 
6.179 

ANGLli 
I W G J  

-0.0 
0 - 7  
1.3 
2 .O 
2.7 
3 . 3  
6.0 
4.7 
5 .3  
6.0 
6.6 
7.3 
i . 9  
8.6 
Y .2 
9.9 

10.5 
11 .2 
11 .R 
12.5 
13.1 
13.7 
14.3 
14.9 
15.6 
16 - 2  
10.8 
17.4 
17.9 
16.5 
1'). 1 
19.7 
23.2 
20.d 
21.3 
21.9 
22 .4  
22 - 9  
2 ' )  .4 
23.9 
24.4 
2 4 . 8  
25.3 
25.7 
26.2 
26.6 

A W L  E 
I D E C I  

63. L 
63.2 
63. 2 
63.1 
63.0 
62 .9  
62.7 
62.6 
62.4 
62.1 
61.9  
61.6 
61.3 
60.9 
b O . 6  
60.2 
59.7 
59.3 
58.8 
50 .3  
57. 7 
57.1 
56.5 
55.8 
55 .1  
54.4 
53.6 
52.0 
51.9 
51.0 
50 .o 
49.0 
47.9 
46.8 
45.6 
44.3 
43 .0  
41 .5  
40.0 
38.4 
36.7 
34.8 
32.8 
30.6 
28.2 
25 a 5  

LA 1 

I D t C  I 

0.0  
2 .0  
4. I 
60 1 
8 .Z 

10. L 
12.3 
14.* 
16. 4 
18.5 
20. G 
22.7 
24 .b  
26.9 
29 .0  
31.1 
33.3 
35 .4  
37.6 
39.8 
42 .0  
44 .2  
40.4 
40.7 
51 .o 
53.2 
55.5 
57.8 
6 0 .  1 
62 .4  
6 4 . 7  
6 7 . 0  
69.2 
71.3 

75 .0  
76.3 
77.1 
77.1 
76.4 
74.9 
I2 .tr 
7O.L 
67.2 

7 3 . 2  

LONG 

I OEb I 

- l .&  
-1.8 
-1.8 
-1 .8  
-1.9 
-2.0 
-2.3 
-2.1 
-2.3 
-2.4 
-2.5 
-2 .1  
-2.9 
- 3 .  I 
-3.4 
-3.7 
-4.0 
-4.4 
-4. 8 
-5.2 
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For a 0.3 e c c e n t r i c i t y  o r b i t  with a 30 degree look angle,  t he  

parameters a t  pe r i aps i s  are 

J, = 57.79 degrees 

w = 4 4 k m  
R = 467.1 km 
V = 8.092 km/sec 

Then a t  per iaps is  

Dr 2 1.11 m 

and 

> 4.57 degrees (79.5 mrad) 
6 db 'r 

The PRF' cons t r a in t  is 

PRF < 4180 Hz 

(IV-65) 

(IV-66) 

and the azimuth ape r tu re  cons t r a in t  i s  

Da 23.42 m (IV-67) 

Using a f ixed  30 degree s i d e  look angle, t he  poles are mapped 

at 82 degrees t r u e  anomaly with parameters 

J, = 43.92 degrees 

R = 2570.5 km 
V = 6.743 lan/sec 

Now using t h e  maxhum va lue  OE D determined a t  per iaps is ,  the  r 
PRF cons t ra in t  a t  82 degrees t r u e  anomaly is  given by equation 

(IV-5 5 
D 

PRF < - -  tan JI = 460 Hz 2.71 RX (IV-68 ) 

Using the  upper bound o r  PRF, the  lower bound on Da given by 

equation (IV-54) 
V 
PRF Da 2 1.769 - = 25.9 m ( IV- 6 9 )  

This is obviously too large.  

L e t  us now assume a va r i ab le  range beamwidth and s i d e  look angle 

of 5 degrees when mapping the  poles. From Table IV-9, the  poles 

are mapped a t  84 deCrees t r u e  anomaly with parameters 
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J, = 67.12 degrees 

R = 2208.3 km 

V = 6.683 lanfsec 
Then, t he  maximum range ape r tu re  is given by equation (IV-45) 

Dr < 4.82 m (IV- 70) 

The corresponding 6 db range beamwidth i s  
= 1.05 degrees (18.3 db) 

',6 db 

The PRF cons t r a in t  is 

PRF < 5670 Hz 
The azimuth aper ture  cons t r a in t  is 

Da 2.08 m 

(IV-71) 

(IV-72) 

(IV-7 3 1 
Therefore, by using an antenna with e f f e c t i v e  range aper ture  

va r i ab le  from 1.0 t o  4.8 meters an3 azimuth aper tures  g rea t e r  than 

3.4 m, t h e  ambiguity requirements can be m e t  by using a var i ab le  

s i d e  look angle  of 30 t o  5 degrees. 

could be used and s t i l l  give reasonable antenna dimensions. 

Of course o the r  combinations 

For a 0.5 eccen t r i c i ty  o r b i t  with a 30 degree s i d e  look angle,  

t he  parameters a t  pe r i aps i s  are 

Q = 57.79 degrees 
W = 3 6 k m  

R = 467.1 km 
V = 8.692 km/sec 

Then a t  pe r i aps i s  

Dr - < 1.35 m 

'i 

The corresponding 6 db beamwidth is 
= 3.75 degrees 

6 db 

The PRF cons t r a in t  is 

PRF < 5070 Hz 
and the  aLirnuth aper ture  cons t r a in t  is 

( I V - 7 4 )  

(IV-7 5 )  

(IV-76) 

( IV- 7 i 1 Da - > 3.03 m 



IV-128 

As i n  t he  case of the  0.3 e c c e n t r i c i t y  o r b i t ,  i n  order  t o  map the  

poles,  i t  w i l l  be necessary t o  decre-se the range beamwidth and 

decrease the  s i d e  look angle. For a 5 degree s i d e  look angle, the 

pole  area is mapped at 78 degrees t r u e  anomaly with parameters 
# = 53.4 degrees 

R = 3130.0 km 
V = 6.997 kmlsec 

Dr 2 9 . 5 7  m 

8 = 0.53 degrees 
6 db r 

(IV- 7 8 

(IV- 7 9) 

The corresponding PRF cons t r a in t  is 

PEE < 4560 Hz ( IV- 80 

and azimuth aper ture  cons t r a in t  is 
Da 2.73 m ( I V - 8 1 )  

In t h i s  case, the  range w e r t u r e  is excessive and the azimuth 

apertuze is small. However, t he  range aper ture  can be decreased 

i f  t he  azimuth aper ture  is increased i n  the same proportior.. In  

f a c t ,  by decreasing the  range apcr ture  t o  5 m and increasing the  

azimuth aper ture  t o  5.2 m, t he  required PRF is reduced t o  apprc.:i- 

mately 2500 Hz. 
These r e s u l t s  show t h a t  range and azimuth ambiguity cons t r a i l ' -  

can be m e t  with a reasonably s i zed  antenna i f  va r i ab le  range beam- 

width, s i d e  look angle, and PRF are used. Of the  three  parameters, 

va r i ab le  range beamwidth is the  major parameter which is used t o  

e l imina te  range ambiguities.  

These r e s u l t s  y i e ld  minimum antenna dimensions f o r  uniform 

I f  a weighted i l l m i n a t i o n  pa t t e rn  is aper ture  i l l m i n a t i o n s .  

used, approximately a 20 percent increase  i n  aper ture  s i z e  w i l l  

be  required.  These r e s u l t s  a l s o  assume that the  antenna is s t a b l y  

centered on zero doppler with an accuracy of approximately 10 per- 



IV-129 

cent  of t he  azimuth beamwidth. 

PRF corresponds t o  the  6 db azimuth doppler bandwidth. 

point ing tolerance cannot be held,  i t  w i l l  be necessary t o  in- 

crease the  azimuth aper ture  by about 50 percent i n  order  to per- 

m i t  sampling (at the  same PRF) a t  the  16  db doppler bandwidth. 

This tolerance is required i f  the 

I f  t h i s  

Range and Azimuth Aperture Dimensions for E l  1 i p t i c a l  Orbits 

Tables IV-11 and IV-12 show o r b i t a l  parameters and antenna 

aper ture  dimensions f o r  o r b i t  e c c e n t r i c i t i e s  of 0.3 and 0.5 and 

s i d e  look angles of 5 t o  30 degrees i n  5-degree s teps .  A rec- 
tangular i l luminat ion is assumed. Aperture dimensions and PRF 

are obtained from the following equations i n  a previous sect ion.  

From equation (IV-451, t he  maximum range aper ture  dimension 

is 
D = 0.885 csc JI meters (IV-82) 

from e q a t i o n  (IV-561, t h e  maximum PRF is 
n 

PW- = 0.326 sec J, Hz 

and from equation (IV-571, t he  minimum azimuth aper ture  is 

= 1.769 ~ R F  ’ meters Da min 

( IV-83 

(IV-84) 

In a l l  cases, the  range aper ture  and PRF can be reduced and the 

azimuth aper ture  increased by the  same fac to r ,  i.e., f o r  any 

K > 1. 

and 

D = D  /K 
=Inax r 

PRF = PW-/K 

Da = K Da 
min 

providing t h a t ,  i n  equation (IV-411, 

(IV-85 

(IV- 8 5) 

(IV-87) 

Da < 2 ra ( IV- 88 
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where r is the  desired azimuth resolut ion.  a 
Tables IV-11 and IV-12 a l s o  give maximm e f f e c t i v e  range aper- 

t u re  as a function of o r b i t a l  t r u e  anomaly f o r  varying s i d e  look 

angles. These tab les  can be used t o  determine the  required pro- 

grcnmed s i d e  look angle  and range beamwidth as a function of t r u e  
anomaly which r e s u l t s  i n  a p r a c t i c a l  antenna size. 

Att i tude Control and Radar System Stability 

In the range d i rec t ion ,  the  primary a t t i t u d e  cont ro l  cons t ra in t  

is uniform i l luminat ion of t he  range swath. 

temporal locat ion of t he  range swath is determined by the  range 

gate. 
term. 

tude of t he  re turn ,  causing the image i n t e n s i t y  t o  f a l l  o f f  a t  

one dge. Angular rates are of no consequence. 

In the  rece iver ,  the 

This must correspond t o  the  look angle  of the  antenna pat- 

Antenna point ing e r r o r s  w i l l  r e s u l t  i n  a decteased ampli- 

From the  sec t ion  which discusses  range and azimuth diimensions 

f o r  e l l i p t i c a l  o r b i t s ,  t he  required range beamwidth varies f r a n  a 

minhun  of 6.75 degrees f o r  the  c i r c u l a r  o r b i t  t o  0.53 degrees f o r  

mapping the polar  regions of 0.5 e c c e n t r i c i t y  o r b i t .  

a point ing accuracy of 20.25 degrees would be adequate f o r  l o w  

a l t i t u d e  mapping but  marginal f o r  high a l t i t u d e  mapping over a 
mrrow swath. I n  the  latter case, point ing e r r o r s  could cause a 

s i g n i f i c a n t  increase  i n  ambiguous range re turns .  

In  the  along-track or doppler d i rec t ion ,  t he  antenna must 

Therefore, 

remain aligned so that the  generated dopp'ier spectrum is within 

the  processor passband. I f  Da = 10 m, t he  azimuth bandwidth i s  

10 mrad o r  0.53 degrees. 

l u t ion  is 0.5 mrad o r  0.03 degrees. 

- i 0 . 2 5  degrees w i l l  keep the  azimutn da ta  within t h e  processor 

passband. For 30 m reso lu t ion ,  the  required processing angle  is 

1.7 mrad o r  0.10 degrees. 

- +0.22 degrees. 

The required beamwidth for 100 m reso- 

Then a point ing accuracy 02 

This requi res  a point ing accuracy of 
ds in the range channel, angular point ing e r r o r s  
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Table .V-11 Radar Mapping Parameters for 

Zero Doppler Azimuth Pointing 

e = 0.3 
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4910 
4833 
4746 
4666 
459 7 
451 1 
S43B 
4368 
4300 

55ry 

ALlMuln 
APtRTUAE 
I M€ TER S I 

l . l &  
i .  I6 
1.1d 
1. IM 
1. 19 
A.80 
1. b o  
1-61  
1.43 
1 .dC 
1.35 

1 .BY 
1.90 
1.Y2 
1.94 
1.Y7 
1.Y9 

' L.O1 
2.03 
2.06 
2.08 
2. I 1  
2.14 

2.19 
2.22 
2 - 2 4  
2.27 
2 - 3 0  
2.33 
d.J5 
2.30 
2.41 
2.43 
2.46 
2.48 
2.51 
2.53 
2.56 
2 - 5 6  
2.60 
2.62 
2.14 
2. bb 
2.b7 

1 . a ~  

2 -  l b  
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R I I I A R  MAPPING PAAAf iETEnS FOR LCHO OOPPLtR A L I W T H  POlNTlNC 

O R B I T  E C C E N T A I C ! T V  = 0.3 
SIDE-LOOK AhGLE * 20.0 OEGREES 

SYATH Y l D f H  t 44.0 I N  
YAVElENCfH * 10.0 CH 

I O t c i I  

0.J 
2.0 
4.0 
6.0 
n. 0 

10.0 
12.6 
14.0 
16.0 
16.0 
25.0 
22.0 
24.0 
?C.0  
28 .0  
30.0 
32.3 
34.0 
360 0 
38 .o 
40.0 
42.0 
44 .0  
46.0 
45.0 
50.0 
' 2 . 0  
',4.0 
5b.O 
58.0  
t.o.0 
02.0 
64.C 
L6.O 
lbd. 0 
70.0 
7 2 . 0  

7 6 . 0  
I b .  0 
l iU.0 
WL.0 
84.0 
Hb.0 
t . d . 0  
90 .0  

r 4 . o  

I W  I 

-0.0 
0.008 
0.015 
0.323 
0.031 
0.333 
0. d 4 7  
0 .054  
0.062 
0.070 
0.078 
0.086 
0.094 
0.102 
0.110 

0.127 

0.143 
0. I52 
0.161 
0.163 
J. 1 7!1 
0.107 
0. I t 6  
0.205 
0.2 l* 
0.224 
0 .z33  
0.241 
0.253 
0.263 
0.271 
c).2d3 
O . L Y 3  
0 .304 
0.715 
G. 326 
0 . J 3 7  
0.343 
2.360 
0 . 3 1 2  
0. i 0 4  
o.3o7 
0.4u9 

o. i ie  
0.135 

S l A F I T  U R I \ I T A L  OOPPLtR CRALi lYC 
R A N G E  v ~ ~ o c  1 r v  

I K N I  

42  7.6 
4 ) f i . S  
431.5 
436.4  
463.4 
45.:. 3 
4 6 3 .  Z 
476.1 
491.0 
5Ub.0  
527.0 
548.1 
511.3 
531.5 
623.9 
b5j .S  
685.3  
719.2 
755.4 
793.9 
834.6 
H 7 I . 7  
923.2  
971.1 

1071.4 
1074.2 
liLV.6 
l ld7.5 
12413.0 
1311.1 
1 3 t b . C  
1 4 4 5 . 4  
1516.7 
15'74.7 
166T.L 

1829.9 
1915.4 
2 C O l . d  
2 c 7  5.2 
2 1 (1'). 5 
22Hb.7 
2 Id6.U 
24ti9.8 
7505.7 

(741.3 

I * P / S 1  

6.092 
8 -091 

a .otic 
0.078 
8.C70 
8.0b0 

e. O~IU  

8.049 
8.036 
8 0021 
8.  cc5 
7.006 
7.967 
7.945 
7.922 
7.fi97 
7.810 
7 0042 
7.F13 
?.?HI 

7.114 
7.678 
7.641 
7.602 
7.561 
7.519 
1.476 
7.432. 
7 . 3 9 0  
t . ; 2 ! !  
7.290 
7.240 
7.1!19 
7.1 \ 7  
7.co4 
7.023 
6.574 
6.918 
6 .bbO 

6.743 

r . 7 a  

6 . l i i )Z  

6 e 6 8 3  
6.622 
6.561 
6.4SB 

A W L F  
( D t C )  

-0.0 
0.5 
0.9 
1.4 
1.8 
2.3 
2.8 
3.2 
3.7 
4.1 
4.6 
5 .0  
5.5 
5.0 
6 .4  
6 . 6  
7.2 
7.7 
c .  1 
h.5  
M e 9  
9.3 
0 .7  

10.1 
10.5 
10.9 
11.3 
:1.7 
12.0 
12.4 
12.7 
:3.1 
13.* 
1J.7 
14.0 
A'*. 1 
14.6 
1 4 . 9  
15.2 
15.4 
15.7 
15.9 
10.1 
16.3 
16.5 
16. 1 

A%GL t 
l i ) t G )  

68.6 
bU.6 
611.6 
68.5 
68.5 
bd. 4 
68.3 
08 .Z 
60-  1 

67.8 
b?. 7 
67 .5 
67.3 
67.1 
66 08 

60.0 

66.6 
66.3 
60.1 
65.6 
65.5  
65.2 
64.  8 
6 4 . 5  
64. 1 
63.7 
63 - 4  
63.0 
62.5 

61.7 
62.1 

6 1 . 2  

kO.3  
59.@ 
59 .3  
50 .6  
5 0 . z  
57.7 
5 1 . 2  
56* 6 
56. 1 
55.5 
54. c 
54.1 
53 .8 

60. r 

L A 1  

l D L ! i )  

I). 0 
2 .O 
4.1 
6.1 
6.1 

10.2 
12.1 
16.2 
16.3 
18.3 
20.4 
22.4 
24.5 
26. 5 
26.6 
30.7 
32. 1 
36.0 
3c. 0 

39.0 
41.1 
* 3 . L  
45. 3 
47.4 
49.6 
51.7 
53.a 
56.0 
58.1 
60.2 
12.4 
6 6 . 5  
b5.7 
6u.U 
70.9 
13.d 
75.0 
77.0 
70.9 
d 0 . 4  
01.7 
8 2 . 5  
d2.S 
i11.9 
U 0 . 6  

L G W  

I DEC ) 

-1.4 
-1 .'. 
-1. * 
-1.'. 
-1 e 5  
-1.5 
-1.5 
-1.6 
-1.7 
-1.7 
-1 .e 
-1.9 
-2 .a 
-2 .  1 
-2.3 
-2 .4  
-2.6 
- 2 . 8  
-3 .0  
-3.3 
-3.b 
-3.9 
-4.2 
-6.1 
-5.0 
-5.5 
-6.1 
-b. 8 
-7.5 
-8.4 
-9.5 

-13.7 
-12.2 
-14.0 
-1h.3 
- I " . Z  
- 2 2 . 9  
-27.M 
-34.4 
- 4 3 . 5  
- 5 b . O  
-72 .0  
- 8 V  .9 - 1 06 . '> - t l Y . d  

79 .O - 129.5 

RdNCt 

I W E f t b i S  I 

0.92 
5.93 
0.Y3 
d. 9 4  
0.91 
0.98 
1.00 
i . 03  
1 - 0 6  
1.10 
1.14 
1.19 
1.24 
1-30  
1.36 
1.43 
1.30 
i . q J  
i . i r b  

1-71, 
1 . N 4  
1.94 
2-05, 
2.15 
2.28  
2. CL 
2 . 5 4  
2 .  6 8  
i . J >  
C.98 
3.14 
3.32 
3.49 
3. 6 U  
3.80  
4. J9 
4 . 3 u  
6 . 3 3  
4. 1b 
5.01 
> . L 7  
5.54 
S.HZ 
0.12 
6.42 
6 - 1 4  

A P tH TURE 
PH F 

(tu I 

4099 
bo9 7 
a030 
60 80 
6065 
bo65 
6J2Z 
59v 5 
5 ' h *  
5920 
5tl'N 
5849 
5 9 0 4  
5156 
5 706 
5 6 5 3  
559 7 
5540 
5460 
5419 
535b 
5292 
522 7 
51bl  
W ' ) 4  
532 6 
$959 
k U Y 3  
4d22 
'* 754 
4686 
4bld  
4551 
*Cd5 
44 19 
4 3 5 3  
4 2 8 3  
4225 
41b3 
6152 
4O*L 
j 9 H 3  
3 9 2 5  
Jt)6V 
3U14 
3161 

A 1  INUTH 
LPL R 1 URE 
i rrt r t w  
2.35 
2.35 
2 . 3 5  
2-35 
2.3b 
2.36 
2.31 
2.38 
2.38 
2 - 3 9  
2.40 
2.42 
2.63 
1.44 
2.46 
2.47 
2 .49 
2.50 
2.52 
2.54 
2.5b 
2.58 
2-60 
2.62 

2.66 
2 -63 
2 - 1 0  
2.73 
2.15 
2.17 
2.79 

2.84  
2.db 
2.d8 
2.v0 
2.92 
2 .oc 
2.0b 
Z.9d 
2.99 
3.d1 
3.03 
3.04 
3-06 

2.64 

z.ni 
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IAUAN WAPPlkC PARAHCTTRS FUR LERU OOPPLtR A Z I W T H  P0;NTINC 

O R B 1 1  E C C E N T R I C I T Y  - 0 . 3  
Slot-LtlOk ANGLE 8 25.0 D t G R E E S  

SWATH Y l O T H  = 44.0 K!i 
UAVELENCTH = 13.0 CM 

0.0 
2.0 
4 -0 
6. 0 
(1.0 

10.0 
12.0 
14.0 
16.0 
l Y . 0  
20.0 
22.0 
24.3 
26.0 
Le. 0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 
46.0 
48.0 
50.0 
52.0 
54.0 
56.9 0 
5R.O 
60.0 
62.0 
64.0 
66.0 
61 .0  
TO. 0 
72.0 
74.0 
16.0 

d0.0 
82.0 
84.0 
06 .0  
81.0 
90 .0  

r . . g  

(nu I 

-0.0 
0.000 
0.015 
0.02 3 
0.031 
0.033 

0.054 

0.070 
0.07U 
0. 0J6 
5.0'14 
0.102 
c.110 
0.118 
0.127 
0.135 
0.143 
0.152 

0.169 
0.178 
O.1H7 
0.196 
0.205 
0.214 
0.224 
0.233 
0.243 
0.253 
0 . 2 6 1  
0.273 
O.Zd1 

0.304 
0.3 15 
0.326 
0. J37 
0 . 3 4 0  
0.360 
0.3 72 
0 .384  
0 . 3 9 7  
0.40'4 

0. 04 r 
0.062 

0.141 

n.293 

SLANT ORBITAL DOPPLER GMALING 
RANGE V E l O C  I TY 

I K W S )  
_ _  

(an) 

444.6 
445.6 

453.8 
461.0 
470.3 
4 Y L .  t 
495.  I 
510.7 
528.4 
54d.2 
570.2 
594.4 
620.0 
649 .4  
b40.3 
713.4 
74E.9 
796 7 

448. r 

027.0 
849.6 
314.7 
962.4 
LO 1;. 5 

1120. I 

123V.b 

1065.3 

11 78. e 

1303.2 

1439.0 

1586.4  

1369.6 

1511.2 

l (164.6 
1745.9 
1830.1 
1911.9 
2008.7 
2102.1 
2200.0 
2300.6 
i . t O 4 . 3  
2511.7 
2622.2 
2736.1 

0.422 2853.2 

8 .C92 
8.091 
d.08R 
d oOd4 
8.07a 

8.060 
0 -049  
(I .036 
8.02 I 
8.005 
7.966 
7.967 
7 .945 
7.972 
7.897 
7.870 
7.842 
7.813 
7.7til  
7.748 
7.714 
7.671) 

6.070 

7.441 
7.602 
7.561 
7.519 
7.476 
7.432 
7 e 3 8 0  
7.33t l  
7.290 
7 . 240 
7.1H9 
7.137 
7.084 
7.029 
6 e 9 7 4  
6.910 
6.860 
6 .I302 
6 .743  
6.683 
6.622 
6.561 
6.498 

AhGLE 
I ut C )  

-0.0 
0.5 
0.9 
1.1 
1.8 
2.3 
2 . 8  
3.2 
3.7 
4 .1  
4.6 
5.0 
5 .5  
5.9 
s .4 
6 .8  
7.2 
7.7 
b.1 
8 .5  
0 . 9  
9 . 3  
9 . 7  

10.1 
10.5 
10.9 
11-3 
1 1 . 7  
12 .o 
12 -4 
12.7 
13.1 
13.4 
13.7 
14.0 
14 .3  
14 .6  
1C.Y 
15.2 
13.4 
15.1 
15.9 
16. I 
16.3 
16.5 
16.7 

ANGLE 
(DtGJ 

63.2 
63.2 
63.2 
63.2 
43.1 
63.0 
62 .9 
b2. 8 
62 - 7  
S2.6 
62.5 
62.3 
62.1 
6 io9 
61 .7  
61.5 
61 .3  
61.0 
60.7 
60 .5  
60.2 
59.9 
59.5 
q9.2 
i 8 . 8  
58.4 
58.0 
57.6 
57.2 
56. (1 
56.3 
55.9 
55.4 
54.9 
54.4 
53.8 
53 .3  
52.7 
52.2 
51.6 
51.0 
50.4 
49 .7  
49.1 
48.4 
41.8 

LA T 

IOECJ 

0.0 
2.0 
4. I 
6 .  I 
8.1 

10.2 
12 .2 
14. 2 
16.3 
Ab. 3 
20.4 
22.4 
24.5 
24.5 
2 6 . 6  
30.7 
32.7 
3 4 . 8  
36.9 
39.0 
4 1 . 1  
4 3 . 2  
4 5 . 3  
47 .4  
4 9 . 5  
51.6 
53.7 
55. 9 
5 8 . 0  
60.1 
62.2 
6 4 . 3  
66.4 
68 .5  
70.5 
72.5 
74.4 
76.1 
7 t . 7  
7 9 . 0  
80.0 
80.4 
80.2 
19.5 
7 8 . 3  

LOkC 

I O t C l  

-1.8 
-1.1) 
-1.0 
-1  .d 
-1 .9  
-1.9 
-2.0 
-2.0 
-2. : 
-2.2 
-2.3 
-2.5 
-2.6 
-2.0 
-2 .9 
-3. 1 
-3 .4 
-3.6 
-3 .9  
-4.2 
4.6 
-5.0 
-5.4 
-5.9 
-6.5 
-7.1 
-7.9 
-8.7 
-9.7 

-10.0 
-12.2 
- 1 3 . 8  - 15.7 
-18.0 
-20.9 
-24.4 

-34.7 
-42 .  1 
-51.5 
-63.3 
-76.8 
-vo.u 

-103.6 
-114.3 

-2a.9 

76.8 -122.8 

RANGE 
APERTURE 
I H t i T E R S I  

1.00 
1.00 
1.01 
I .J2 
1.04 
l.Q6 
1.09 
1.12 
1.16 
1.20 
1.24 
1.29 
1.35 
1.41 
1 a48 
1.56 
1-65 
1.72 
1.81 
L.9 1 
2.02 
2-13 
2.24  
2.37 
2 .50  
2-64  
2 .79  
2.95 
3.12 
3.29 
3.48 
3.67 
3.88 
4.09 
4.32 
4.56 
4.81 
5-07  
5 .35  
5.65 

'5.95 
6.28 
6.62 
6.98 
1.35 
r .  rs  

PII F 

(Hi J 

49 36 
4935 
4931 
4924 
4915 
4904 
r.890 
4 8 7 3  
4054 
4133 
4010 
4784 
4750 
4727 
4695  
464 1 
4626 
4509  
455 I 
431 1 
4 4 7 0  
4428 
43(15 
4340 
4295 
4249 
4202 
4 1 5 5  
4 1 0 7  
4039 
401 1 
396 2 
3914 
3065 
3 d 1 6  
3768 
3710 
3672 
3624 
3 5 7 7  
3531 

344 0 
3395 
3352 
3309 

34a 5 

ALlMUTH 
APERTURE 
I P E T E R S )  

2.90 
2.90 
2.90 
2.90 
2.91 
2.91 
2.92 
2.92 
2 .93  
2.9C 
2.94 
2.95 
2.96 
2.97 
2 .PO 
3.00 
3.01 
3.02 
3.J4 
3.05 
3.07 
3.08 
3.10 
3.11 
3.13 
3.15 
3.14 
3.18 
3.20 
3.22 
3.24 
3.25 
3.27 
3.29 
3.31 
3.33 
3.34 
3-36 
3.38 
3.39 
3-41  
3. 42 
3 044 
3.45 
3.46 
3.47 
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tutl#,l 

r). 0 
2.0 
4.0 
6.0 
ti. I1 

1 0 . 0  
12.0 
14 . i  
16.S 
1u.0 
20.0 
22.0 
24.0 
26.0 
2 8 . 0  
30.0 
31.0 
34.0 
36.0 
36.0 
40.0 
41 .0  
4 4 . 0  
46.3 
411.0 
5G.U 
5 2 . 0  
54 .  u 
56 .c 
50 .0  
60.0 
62.0 
04.1) 
661 0 
6U.9 
70.0 
72.0 
7 4 . 0  
7G.  0 
I L . 0  
do .  0 
U2.J 
M t a . 0  

111.0 
HR.0 
90.0 

I H U  1 

-0 *0  
0.0ofl 
Oed15 
0.02 t 
0.031 
0.039 
O e J 4 7  
0.054 
O.&L 
C.J 10 
0.076 
0 . O H 6  
0.096 
0.102 
0.110 
0. I 1u 
0.127 
0.135 
0.143 
0.152 
0.16 1 
0.16'3 
0.11s 
0 . 1 6 7  
0.196 
0.205 
0.214 
0 .214  
0.23) 
0.243 
0 . 2 5 )  
0.263 
0.273 
0.283 
0.203 

0.315 
0 .3  26 
0 , 3 3 7  
0 . 3 4 ' )  

0.372 
0 . 3 3 4  
0.397 
0.409 

a. 3 0 4  

0. m 

(Km I 

461.1 
468.2 
4 lL.4 
476.8  
4 J 4 . 4  
$94.2 
506 2 
520.4 
516. ti 
555.5 
57&.4 
599.6 
625 .2  
653. 0 
153.3 
715.9 
751.0 
- ~ e . 5  
a2 a. 6 
8I1.2 
916.4 
964.3 

1068.2 
1124.3 
l l d 3 .  J 
1245.3 
1110.2 
1376. I 
1 't 4 9 .2  
1 5 Z 3 . 4  
1600.9 
1fBdl.n 
1766.0 
i Y 5 j . 7  
1'344.9 
203Y. 7 
113U.2 
224I) .  5 
2360.6 
245b.S 
25 70. 5 
2600.4 
2 R  10.5 

1014.9 

2936.7 
0.422 3067.1 

(KP/SI 

8.CS2 
6.091 
B.008 
8.064 
tl.137d 
0.070 
e.oc>o 
8.049 
8 .036 
8.021 

7.986 
7.967 
7.945 
7.422 
7 . t l U l  
7.870 
7.n42 
~ . n 1 3  

a.005 

7. TU1 
7.748 
7 . 7 1 4  
7 . b 7 6  
7.641 
7.602 

7.517 
1.476 
7.432 
7 . 3 b 6  
7 .333  
7.210 
7 . 7 4 0  
7 . 1 e s  
7 .137  
7.C84 
7.029 
6.474 
6 . 9 1 1  
6 .e60 
h.802 
6.743 
6.483 
6.622 

7.561 

6 . 5 t l  
6.498 

ANG t E 
I O C t i )  

-0.0 
0.5 
0.9 
I .4 

2.1 
2 . 8  
3.2 
2.7 
4 .1  
4.6 
5 .(r 
5 .5  
5 .'I 
6.4 
6.8 
7.2 
7 . 7  
8 . 1  
6.5  
8 . 9  
9.3 
9.7 

10.1 
10.5 
10.9 
11.3 
11  .7 
12.0 
12.4 
12.7 
13.1 
1 3 . 4  
13.7 
14.0 
1 4 . 3  
14.6 

I .a 

14 .'I 

15.4 
15.7 
13.9 
16.1 
16.3 
16.5 
16.7 

15.2 

AaGCL 
ID tC)  

57.M 
57.0 
57.6 
57.7 
>7. 7 
5r.6 
57.5 
57.4 
57.3 
51.2 
57 .0  
56.d 
56.7 
56.5 
56.3 
54. 0 
55.9 
55. !J 
55 .3  
55.0 
54.6 
54 .3  
54.0 
53.6 
53.2 
52. d 
52.4 
52.0 
> I .  5 
5L.l  
50.6 
si). A 
49.5 
49.0 
4 8 . 4  
47.6 
47.2 
46.6 
61.0 
c!J. 3 
44 .Ir 
43 .9  
43.2 
42.5 
41.7 
4O.Y 

La1 

(Ute) 

0.0 
2.0 
4 . 1  
b. I 
8.1 

10.2 
12.2 
14.2 
16.3 
18 .3  
20.4 
22 .4  
24.5 
26 .5  
L8.6 
30.6 
32.7 
34.8 
36.9 
36.9 
41.0 
43 .1  
45.2 
4 7 . 3  
4v.4 
51.5 
5 3 . 6  
55 .7  
57.8 
5Y.Y 
6 2 . 0  
b4 .0  
66.0 
68.0 
6Y.Y 
11.7 
73.4 
75.0 
76.3 
7 7 .  2 
7 r . u  
77.0 
77.5 
7 6 . 7  
75.5 

LilNC 

L l l E l i )  

-2.2 
-1.2 
-2.2 
-2.3 
-2.3 
-2.4 
-2.5 
-2 .5 
-2.6 
-2.8 
-2.9 
-3 .1  
-3. t 
-3.4 
-3.7 
-3.9 
-4.2 
-4 .5  
-4.9 
-5.3 
-5 .7 
-6 .2 
-6.0 
-7. 4 

-8.9 
-9.8 

-10.9 
-12. I 
-13.6 
-15.2 
-17.2 
-19.6 
-22.4 
-25.8 
-33.0 
-3>. 2 
-41.6 
- 4 Y .  3 
-5M. b 
-69.2 
-80.5 
-91.6 

-101. r 

-8.1 

-110.3 
73.9 -117.5 

RANGE 
A P E R T U R E  
I NE TERSJ 

1 .11  
L.II 
1.12 
1.13 
1.13 
1.18 
1.1A 
i.24 
1.20 
1 - 3 3  
1.36 
1.44  
1 . 5 0  
1.57 
1 e 6 5  
1 . 7 4  
1.83 
1.92 
2.03 
2.14 
2.26 
2.39 
2.52 
2 . 6 7  
2.82 
2.98 
3.16 
3.34 
3.54  
3.75 
3.96 
4.20 
4 . 4 4  
4 . 7 0  
4. Y 8  
5.27 
5.58 
5.91 
6.Lb 
4.64 
7 . 0 3  
7.45 
7.90 

8.88 
9.42 

0.37 

PRF 

tnLi 

4172 
4 1 7 1  
41 bM 
41b4 
4 1 5 8  
4150 
4160 
4 1 2 Y  
4 l l b  
4101 
*a85 
406 7 
4047 
402 1 
4004 
390 L 
3956 
3929 
3 Y 0  2 
3 6 7 3  
3M44 
)ti13 
378 I 
37 49 
3115 
368 1 
3646 
3611 
3 5 1 5  
3539 
3>02 
3455 
142 7 
33dY 
3352 
3314 
3276 
3230 
3200 
3162 
3125 
3087 
30 50 
30 14 
2978 
2942 

&L I murn 
APEHIURE 
(et7 E R S I  

3 . 4 3  
J.43 
3.43 
3 .63  
3.44 
3.44 
3.44 
3.45 
3.45 
3*4b 
3.47 
3 .47  
3.48 
3.49 
3.50 
3.51 
3.52 
3.53 
3.54 
3 .55  
3.57 
3.58 
3.59 
3-61 
3.62 
3 - 6 3  
3-65 
3 066 
3.68 
3 - 6 9  
3.11 
3.12 
3 . 7 4  
3.75 
3 . 7 7  
3 .78  
3 . d 0  
3-d1 
3.82 
3.84 
3.M5 
3.06 
3 .  M 7  
3.89 
3.90 
3.91 
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Table IV-12 Radar Mapping Parameters for 

Zero Doppler Azimuth Pointing 

e = 0 .5  
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RAl)bR MhPPlFtG V A R A M E T L R S  FOR ZCRU DOPPLER A L I M U l t i  POINTlNC 

O R N I T  € C C € N T R I C I T Y  = 0.5 
StOt-LnOK ANGLE 5.0 DECREES 

WAVtLEff iTH 10.0 CW 
SWATH k I O T H  = 36.0 &?I 

T R U t  T I M t  
A N O ~ A C Y  

roec, 

0.0 
2.0 
4.0 
6.0 
C.O 

1G.J 
12.0 
14.5 
lh.0 
18.3 
20.0 
2L.d 
14.0 
LG.O 
2u.o 
JJ.0 
32.0 
J 4 0  u 
36.r) 
30.0 
40.0 
42.0 
44.0 
ft 6. 0 
'*U .0 
50.0 
5 2 . 0  
54.0 
56.0 
5l3.0 
64.4 
b?. U 
b4.0 
o c  .i) 
08.0  
74.0 
72.0 
74.0 
76.0 
l t 4 .S  
80.0 
H2.0 
n4. i) 
6L.U 
88.0 
9U.O 

( H R I  

-c .o 
0.007 
0 .314 
0 . 0 2 2  
0. J2Q 
0.034 
0 . 0 4 3  
0.051 
O.05U 
0.065 
0.073 
6 . O R O  

0.096 
0.10J 
0.111 
0.119 
Q.127 
0.135 
0.14'1 
0.152 
O.16A 
O.lC9 
3.170 
fJ.AC7 
0.196 
6.206 
0.215 
0 . 2 2 5  
3 . 2 > 5  
t . 2 4 '. 
0.226 
0.20r 
O..'lP, 
0.2~9 
0.30 1 
0.313 
0.125 
O . ) > f *  
0.351 
0.164 
G . J I L  
c. { V ?  
o.w-lt 
0.423 

SLAh)T O R t l T A L  DOPPLER G R A L I N C  
RANGE V E L l X  I T Y  

I K W / S I  I KH1 

491.6 

407.0 
403.0 

413.7 
423.2 
435.4 
450.3 
468.1  
4011.6 
512.1 
530.4 
567.6 
600.2 
635.7 
b74.4 
716.3 

(I It1 . 5 
(162.9 
91'h.U 
Y l Y . 0  

1043.0  
1111.0 

1260.3 
13/11 e 9  

14?}3 .4  

761.7 

11113.4 

1519.9 
1616.9 
1 7 19. '1 

l l l27 .9  
l9 ' tZ .  h 

2 1 9 2 . 0  

2470.5 
2621.6  
2 7rJ 1 8 
2q51.0 
3130.1 
3319.5  
3szli.2 
3732.9 
3 ' 1 5 t l o  6 

m 3 . n  

2 9 2 7 . 4  

419H.l 

P.692 
8.691 

0 . b d l  
8-67)  
8.663 
0 .650  
8.634 
d.617 

0.687 

e .597 
n.575 
a -550 
A.523 
I .494 
8 .ChS 
S.429 
0 . 3 9 3  
11.355 
8.115 
8.272 
0 -22M 
8 .161 
8 .132 
R.CB1 
8.027 
7.971 
7.915 
7.855 
7.794 
7.731 
7.606 
7.540 
7.523 
7.450 

7.311 
7 .L :5  
7.1!J? 
7.QI8 
6. @)#I7 
6.914 
6.630 
6.744 
6 . h S I  
b.5t.8 
60479  

7.38~ 

A N t L C  
l D t C 1  

-0.0 
0.7 
1.3 
L.0 
2 - 7  
3.3 
4.0 
c.7 
5.3 
b.0 
6 .  b 
7.3 
7.9 
8.6 
s.2 
'I . <> 

13.5 
11.2 
11.8 
12.5 
.3 .1 

14.3 
14.9 
15 .6  
16.2 
l (r .8  
17 .4  
17.9 
19.5 

13.  r 

19.1 
13.7 
20.2  - I1 . II 
?1.3 
2i.v 
iZ -4 
22.9  
23.4 
1 3 . 9  
24.4 
L4.d 
2 s  e 3  

25.7 
26.2 
26.6 

AkGL E 
IUtCI 

34.7 
94.6 
84.5 
8 4 . 3  
03.9  
tl3. 6 
43.1 
82 -7 
u2.1 
M 1  -4 
n i .0  
80.4 
79.7 
79.1 
t b . 4  
77.7 
t 4 . Y  
76.2 
75.4 
14.6 
73.8 
73.0 
72.1 
71.3 
70.4 
69.5  
6 8 . 5  
67.6 
66 -6 
b5.6 
e4. 5 
63.4 
6203  
61.2 
60.0 
50. d 
5r.5 
56. L 
54. t\ 
53 .4 
51 .9  
50.4 
4U.M 
47.2 
45.4 
43 .6  

L A 1  

IOEG) 

G. 0 
2.0 
4.1 
6.1 
M.2 

10.2 
12.3 
14.4 
16.4 
18.5 
20.6 
22.1 
24.8 
26.9 
Z Y  .o 
31.2 
3 J . 3  
35.5 
37. 1 
39.9 
'tZ.1 
44.3 
46. b 
4 8 . 9  
51.2 
53.5 
5 5 . 9  
58.3 
6U .7  
63. 1 
65.b 
68.1 

1 3 . 3  

7U. 6 
b1.2 
.I 3 . Y 
t l t . 4  
t37.6 
d6. 1 
8 3 . 3  
00.3 

7 3 . 9  

70 .  r 

7 5 . 9  

17.2 

LShS 

IDEC)  

-0.3 
-0.3 
-0.3 
-0.3 

-0.4 
-0.4 

-0.4 
-0.4 
-0.4 
-0.4 
-0.5 

-0.5 
-0.6 
-0. 6 
-0.7 
-0. 7 
-0. b 
-0.9 
-1.0 
-1.1 
-1.2 
-1.3 
-1.4 
-1.6 
- 1  .C 
-2 .o 
-2.3 
-2.6 
-3.0 
-3.5 
-4.1 
- 4 . 0  
-5.3 
-7.4 
-9. 6 

-13 .3  
-20.3 

-9i -6  
-140.7 
-156.6 

-0.5 

-38.  I 

-163. I - 166. 6 
-168.7 

70.5 -170.1 

RARit P R F  
APERrURE 
I H E T E R S I  I H L I  

0.99 
0.99 
1.00 
1.02 
1 .05 
1.08 
1.11 
1.16 
1 . Z 1  
1.27 
1.34 
1.41 
1.50 
1.59 
1.69 

i . Y L  
2.0s 
2.19 
2.34 
2 50  
2.66 
2 -67  
3.07 
3.29 
3.52 
3.77 
6 - 0 4  
4 . 3 3  
4.64 
4.90 
5.34 
5. -3 
6.15 
6 - 6 0  
7.10 
7.64 
C.23 
8.87 
Y . 5 0  

Ad.36 
A 1. 22 
12.1u 
13-26  
14.48 
150'36 

I .ao 

29254 
28995 
2 82 5 0  
27138 
2 5 7 1 1  
24276 
22755 
21270 
lY6bl  
13551 
17344 
1 6 2 3 9  
15232 
1 4 3 1 5  
1 3 4 7 9  
12716 
l i 0 1 9  
11380 

IOLSl 
9755 
929 3 
81366 
h 4 6 a  
b o 7  7 

742  7 
7123 
6837 
6568 
0 3 1 5  
6076 
5,849 
5635 
5432 
52  3Y 
5056 
4882 

c559 
4409 
4266 
411v 
l'i98 
3874 
3 755 

l o r y 3  

7 7 5 1  

cr 17 

PL I M U T H  
APCRIURE 
I RE TtiR 5 )  

0.53 
0.53 
0.54 
0 . 5 1  
0.60 
0.63 
0.67 
0. 72 

0.82 
0.67 
0.93 
3-99 
1.05 
1.11 
1.17 
A.24 
1.30 
1-36 

1.49 

1.62 
I . b y  
1.75 
i .  U L  
i .89 
1.95 
2 . 0 2  
2-08  
d.15 
2.21 
1.28 
2.34 
2.40 
2.47 
2.53 
2 . 5 9  
2.65 
2 . 1 1  
2 . 7 7  
2 .  u j  
2 . a ~  

0.17 

1 .43  

1.>6 

2.94 
3.00 
3.05 
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AAOAE MAPPING PARAMCTFRS FOM L E R U  DOPPLER A L I R J T H  P O I N T I N G  

ORBIT ECCENTRICITY - 0.5 
S I D E - L J O K  ANGLE = 10.0 DLCREES 

SYATH hIOTH = 36.0 KN 
~AVELtNGTH = 10.0 CH 

TKUt T l M t  
ANGMALY 

( D C t i )  

0. 0 
2.0 
4.0 
6.0 
t.0 

10.0 
12.0 
14.0 
11.0 
13.0 
20.0  
22 .0  
24.0 
26.0 
28 .0  
30.0 
32.0 
3 4 . 0  
36.0 
3 8 . 0  
40.S 
42.0 
4 4 . 0  
46.0 
48.0 
50.0 
52.0 
54.0 
5 6 . 0  
50.0 
00.0 
62.0 
64.0 
06.0 
6U.J 
7u. 0 
72.0 
74 .O 
7t.0 
7a.0 
80.0 

84.0 
86.0 
ULI. 0 
90.0 

az. 0 

SLANT GKbITAL OOPPLtA CRAilNG 
RANGE VLLfiCI T Y  

I l i R  ) 

-0 .0 
d.JO7 
0.014 
0.022 
6.029 
0.036 
0.04 3 
0.051 
0,0511 
0. J6S 
0.073 
c. 08')  

0.09b 
0.103 
0.1 11 
0.119 
C.127 
0.135 
0. I44 
0.152 
0.161 
0.16') 
0.178 
O.AO7 

0. m n  

0.136 
0.206 
0.215 
0.22s 
0.235 
0.245 
0.256 
0.267 
0.2 7H 
0.28') 
0.301 
0.313 
0.32 5 
0. $3 u 
0.35 I 
0.3tJC 
0.378 
0.392 
0.407 
0.423 .~ 

0.439 4539.9 

I K M  I 

400.6 
408.0 
4 I L  e 0  

418.9 
420.4 
440.8 
455. Y 
473.9 
494.7 
S l f l . 4  
545 .1  
514.9  
601.7 
643.6 
6 8 2 . 8  
72S.4  
771.3 
H2O. M 
873.9 
030.8 
991.6 

1056.4 
1125.5 
119A.9 
1270.9 
1759.7 
1447.5 
1540.4 
163d.9 
1743.1 
I M S 3 . 3  
116'4.9 
2 0 9 3 . 2  
2 2 2 3 . 5  
2361 -4 
25J1.3 
2161.5 

2997.5 
3180.5 
3374.4 
35HO.0 
3798.3 
40 30.2 
4217.0 

am. 7 

IUCI/S) 

8 .6OL 
0.691 
n .6P 1 
&a681 
0.673 
8.6b3 

8.634 
fl.65C 

8.617 
8.547 
M -5 75 
8 .!is0 
8.523 
8.494 
8.463 
8.429 
8.393 
0.355 
6.315 
8.272 
8.22M 
8.101 
8.132 
n.co1 
0 m027 
7.972 
7.915 
7 -655 
7.794 
7.731 
7.666 
7.598 
7.529 
7.45H 
7.306 
7.311 
1.235 
7.157 
7.070 
6.997 
6.914 
6.830 
6.144 
6.657 
6.568 
42.479 

ANGLE 
( O C t i I  

-0.0 
0.7 
1.3 
2.0 
2.7 
3.3 
4 .0 
4.7 
5.3 
4.0 
6.6 
7.3 
7.9 
0 - 6  
9.2 
9.9 

10.5 
11.2 
11.8 
12.5 
13.1 
13.7 
14 .3  
14.9 
15.6 
16.2 
16.5 
17.4 
17.9 
18.5 
19.1 
19.7 
20.2 
Z0.d 
21.3 
2 1  .'I 
22.4 
21.9 
23 -4 
2 j . 3  
24.4 
24.8 
25.3 
25.7 
26.2 
26.6 

ANGLE 
IOtCl 

79.3 
79.3 
79.2 
79.1 
78.9 
7d.7 
78.5 
7&. 2 
77.8 
77.4 
77.0 
76.5 
76. I 
75.5 
75 a 0  
74.4 
73.8 
73.2 
72. 5 
71.8 
71.1 
70.4 
64.6 
68. 0 
68.0 
67.1 
660 2 
65.3 
64.4 
6 3 . 4  
62.4 
61.3 
60.3 
3Y.I 
5e. 0 
56 .U 
55.5 
54.2 
52 .O 
51.4 
50.0 
48.4 
46.8 
(95. I 
43.4 
41.5 

LA T 

1I)F.L;) 

0.0 
2 . 0  
4 .1  
6.1 
8.2 

10.2 
12.3 
14.4 
16.4 
l U . 5  
20.6 
22.7 
24.8 
26.9 
ZY .o 
31.2 
33.3 
35.5 
37.7 
39.9 
42.  L 
4*. 3 
4b.6  
4d.9 
51.2 
53.5 
55.0 
5u.2 
60 .6  
6 3 . 1  
45.5 
6b. 0 
70.5 
73.1 
75.6 
7U. I 
80.6 
82.9 
84.7 
85.2 
n4. o 
01 .8 
79.0 
76.0 
t 2 . 0  

LUNG 

I D E G )  

-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.7 
-0.8 
-0.0 
-0.8 
-0.9 
-1.0 
-1.0 
-1.1 
-1.2 
-1 r 3  
-1.4 
-1.5 
-1.6 
-1.8 
-1.9 
-2.1 
-2.4 
- 2 .  j 
-2.9 
-3.2 
-3.6 
-4. A 
-4.6 
-5 .2 
-6.0 
-7.0 
-8.2 
-9.0 

-11.0 
-14.0 
-19.0 
-25.8 
-37.4 
-50.7 
-92 1 - 122.1 

-139 .3  

-154.4 
-158.1 

- 1 /*a .e 

1.02 
1.02 
1.03 
1.05 
1.07 
1.10 
1.14 
1.19 
1.24 
1.31 
1.37 
1.45 
1.54 
1.63 
1.74 
1.85 
1.97 
2.11 
2.25 
2.41 
2.50 
2.76 
2.95 
3.16 
3.30 
3.63 
3.89 
4.17 
4.47 
4.79 
5.14 
5.52 
5.Y2 
6.36 
6.04 
7.37 
7.93 
8.56 
9.24 
9.99 

10.03 
11.76 
12.80 
13.97 
15.31 
16.84 

1 4 6 8 3  
14649 
14548 
143d5 
14105 
13095 
1 3 5 8 4  
13241) 
1207 I 
12405 
1206 7 
116U6 
1128 5 
10000 
10498 
I01 1 7  

9743 
9390 
904 4 
d713 
8395 
8569 
77Y6 
75 16 
7247 
699 1 
6745  
t 5 1 0  
6 2 8 5  
6070  

5bb 7 
547Y 
5293 
5124 
4958 
4799 
4647 
4500 
4 3 6 0  
4225 
409 5 
3971 
3852 
3738 
3628 

5864 

42 IHUTH 
APER TURL 
I C I E T E R S I  

1.05 
1.05 
1.06 
1.07 
1.06 
1.10 
1.13 
1.15 
1.18 
1.22 
1 - 2 5  
1.29 
A -34 

1 . 4 3  
1.38 

1.47 
1.52 
1.57 
1.63 
1-68 
1.73 
1.79 
1.35 
1.90 
I .  Yb 
2.02 
2.08 
2.13 
2.19 
2.25  
2.31 
2.37 
2.43 
2 . 4 9  
2.55 
2.61 
2.67 
2.72 
2.78 
2.84 
2 . 0 9  
2.95 
3.00 
3. Ob 
3.11 
3.16 
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I1)CG) 

3 .0  
z .O 
4.0 
6 .0  
f. .I) 

10.0 
12.11 
14.0 
1b.L) 
18.0 
20.0 
2.7.0 
2 4 . 0  
26.0 
2d.l) 
30.0 
32.U 
34.1) 
36.0 
3u.9 
40.0 
41.0 
44.0 
4 b e  3 
411.0 
50.0 
5 2 . 0  
54 .0  
S t .  0 

, 5b.0 
60.J 
62.d 

66.0 
64.0 

(,a.u 
70.0 
72.0 
74.0 
76.0 
7U.O 
00.0 
82.0 
04. J 
U b . 0  
88.U 
S0.0 

(nQ) 

-0.0 
0.007 
0.31 4 
0. d?? 
0.02') 
0.0 16 
0.043 
0 . 0 5 1  
0. 0511 
0.06!, 
0.073 
c. 3tlO 
0.0 d I1 
0. d90 
J.103 
0.111 
0.119 
0.127 
0.13s 
0.144 
0.152 
L). 101 
0.169 
0.17U 
0 . l H f  
0.1917 
0.206 
0.21% 
0 . 1 2 5  
0.235 
0 . 2 4 5  
0.256 
O.i6? 
i). L 1H 
0.2b') 
0.301 
0 . 3 1 3  
0.3&5 
0 . 3 3 9  
0.15 1 
0 . 3 6 4  

0. 3<i? 
0.407 
0.42 3 

I). 3 r u  

SLANT nllfJlTAL DUPPLCR C K 4 L l N C  

I K H l  

4 15.1 
4 lu. 5 
4 7 0. 7 
42r .6  
437.4 
450 .0  
465.3 
453.0 
5 0 5 .  1 
52v.4 
5 5 0 . 7  
5a7.0 
620.6 
651.3 
697.4 
740.9 

u .I I ! .  5 
832.9 
Y51.1 

1013 .3  
1CI9.7 
1150.5 
1225.7 
1305.6 
1 J ' N  5 
1480.5 

l b f 1 . 3  
1784.1 
1H97.4 
2017.4 
2144.4 
7278.0 
1421.1 
2571.7 
Z731.Z 
2'#(IO. 3 
307'1.6 
3769.8 

3606.6 
3915.2 
4159.1  
44 1 9.6 

78r .9  

i ' r rh .0  

3411.0 

b.6S2 
tl e60 1 
H.hb7 

8 .673  
8 . 6 6 3  
0.650 
8.634 
ti.(117 
8.5Y7 
(I .5 I S  
U.550 

H .4V4 
U.4h3 
0.42') 
u. 3 v 3  
11.355 
0 .315 
ti.272 
(1 .2 2 il 

H. 132  
8 .001 
8.02  7 
7.972 
7.115 
7.1355 
1.754 

7.666 
7.556 
7.523 
7.450 
7.J66 
7.311 
7.235 
7.157 
7.07H 
6 . 4 S 1  
(1.914 
6 . 8 3 0  
6.144 

a.601 

a .523  

0 . l U l  

7. r ~1 

6.657 
6.568 
6.479 

A N G l  E 
I DLL I 

-0.0 
0. 1 
1 . 3  
7.0 
2.7 
3.3 
4.0 
4.7 
5 . 3  
6 . 0  
h .6 
1 . 3  
7.9 
H . 6 
9 . 2  
9.9 

10.5 
11.2 
11.8 
12.5 
l A . 1  
1 3 .  I 
1 4 . 3  
14.9 
15.6 
16.2 
16.3 
17.4 
17.9 
10.5 
l v . l  
1 0 . 1  
20 .2  
20. t! 

2 1  * ' I  
21 .'t 
22.9 
2 J . 4  
21.7 
24.4 
24.8 
25.3 
2 5 .  I 

21. J 

Lb.2 
26.6 

ANCLI: 
I O F G I  

74 .o 
74.0 
73.Y 
75.8 
73.7 
73.5 
7.3.3 
73.1 
72.v 
72.6 
72.2 
71 .'I 
r i .  5 
71.1 
7s. 6 
70.1 
69.6 

60 .5  
67.9 
b r . 3  
00 - 6  
65.9 
6 5 . 2  
64.4 
0 3 . 6  

69. I 

6 2 . 8  
6 1 e.9 

61.0 
60. A 
5 Y . l  
50.1 
5 i . 0  
55 .v 
54 .  tl 
53.6 
52 .J 
51.0 
49.7 
45 .2 
40.7 
4 5 . 2  
43.5 
41.7 
39.9 
37.0 

LA T 

I D t G )  

6.6 
2.0  
4.1 
6.1 
H. 2 

10.2 
12 .3  
14.4 
lu.4 
16.5 
20.6  
21. r 
24. 8 
26.9 
29.0 
31.1  
3 3 . 3  
35. !) 
37.6 
39. (1 
4 2 . 1  
44.3 
46. J 

4d.8 
51.1 
9 3 . 4  
55. Li 
58.1 
60.5  
62.9  
6 5 . +  
67. u 
70. 2 
72.7 
7 5 . 1  
77.* 
79.b 
81.4 
AL.6 
82.1  
0 1 . 5  
7 9 . 5  
76.9 
74.0 
70.8 

LONG 

I D t t )  

-1  .o 
-1.0 
-1.0 
-1.1 
-1.1 
-1.1 
-1.2 
-1.2 
-1.3 
-1.4 
- 1 . 4  
-1.5 
-1.7 
-1.0 
-1.9 
-2.1 
-2.3 
-2.5 
-2.7 
-3.0 
-3.3 
-3.6 
-4.0 
-4.4 
-4.9 
-5.5 
-6.2 
-7.0 
-0.0 
-9 .2  

-10.6 
-12.5 
-14 .6  
-17.9 
-&L. A 
-20 .1  
-37 -0 
-50.4 
-60.7 
-92.9 

-113.5 
-128.1  
-137.8 
-144.2  
-140.6 

67.5 -1 51 - 8  

RANGE 
APCKTUKE 
IMET ~ K S )  

1.06 
1. U 6  
i .oa 
1.09 
1. I t  
1.15 
1.19 
I. 24 
1.30 
1.36 
1.44 
1 e 5 2  
1.61 
1 - 7 1  
1 .a2 
1.94 
2.37 
2.21 
2.31 
2 . 5 2  
2.70 
2 -89  
3.10 
3.32  
3.56 
3 - 8 1  
4.09 
4.39 
4.71 
5. PO 
5.43 
5.d4 
6.28 
6.76 

7.05 
1) .4Li 
9.16 
9 . 9 3  

10.77 
11.71 
12.77 
13.98 
15.35 
16.94 
18.79 

r . z a  

PRF 

I t l i b  

9151 
3840 
Y ti01 
9 7 5 b  
%I 9 4  
9593  
94u5 
'4361 
922 2 
007 2 
b 9 1 0  
b 7 3 9  
8%- 1 
(13 7 8  

7998 
7805  
761 1 
741 7 
7224 
7032 
6U43 
6657 
6473 
629  3 
61 17 
3945 
577b 
5612 
5452 
5 2 9 6  
5145 

485* 
4715  
4500 
4451) 
4 3 2 3  
4230 
408 1 
3966  
3854 
3747 
3642  
3542 
3 4 4 5  

0189 

4 w  r 

42 I HUTn 
APCk luRt 
I C E T C R S J  

1 - 5 6  
1e50 
1.57 
1.57 
1.5d 
1 - 6 0  
1-11 
1.b3 
1 .a5 
1 .b0 
A. ?U 
1.73 
1.7b 
1.79 
I .83 
1. ' 6  
090 

1. '14 
1.Yd 
2.03 
2. o r  
2.11 
2.16 
2.21 
2.26 
1.31 
2.36 
2 - 4 1  
2.46 
2.51 
2.56 
2.61 
2.67 

2 .77  
2.82 
2.80 
2.v3 
2.90 
3.03 
3.08 
3 - 1 3  
3.10 
3.23 
3.28 
J.33 

2.12 
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HAOAK MAPPING P A R A H I . T C K 5  FOQ L f R O  DOPPLER A L I C U T H  P O I N T I N G  

O P n l T  C C C E N T R l C l T Y  0.5 
SIDC-LUUK ANGLE 20.0 DECRCES 

SUATH WIDTH 36.0 KM 
WAVLLENCTH 10.0 CH 

TWUC T I W  
ANOWALY 

I D L G I  

0.0 
2.u 
4.0 
6.0 
0.0 

10.0 
17.0 
14.0 
16.0 
l b . 0  
20.0 
L L - 0  
44.1 
26.0 
LO. J 
.ro.o 
32.3 
3 4 . 0  
36.0 
3 8 . 0  
40.0 
4L.O 
4 4 . 0  
46.0 
4M.O 
50.0 
52.0 
54.0 
5b.i) 
56.1) 
60. U 
62.0 
64.0 
b6. 0 
66.0 
70.0 
I2.U 
74.0 
lC.0 
7b.O 
UO. 0 
d2.0 
t14.0 
66. u 
h 8 .  0 
90.0 

( itn I 

-0.0 
0.007 
0.014 
0 . 0 2 7  
0.021 

0.04 3 
0.051 
0.350 
0.065 
0.373 
0.Iw.I  
CeObH 
0.096 
0.103 
0.111 
0.1 1 1  
0.127 
0.135 
C. 1 4 4  
0. I52 
0. Ab 1 
0. ?60 
0.17U 
0.167 

n. 036 

0 .  I 06 
0.206 
0.215 
0.225 
0.L35 
0.2195 
0 . 2 5 6  
C.267 
0.27U 
0.289 
0.301 
0.313 
0 . 3 2 5  
0.33n 
0 . 3 5 1  
0 . 3 c 4  
0.37fI 
Q . . i ' I Z  
O . 4 J l  
0 . 4 2 3  

SLANT 1 I P H I T A L  OOPPLFR CRAZ ING 
R A N G E  V t L O C l T l  

IF.+! I 

427.6 
429.0 
433.3 
440.5 
450.6 
463.6 
479.5 
4 1 8 . 4  
520.4 
545.4 
573.6 
604.9 
tJ3'). 5 
677.5 
718.9 
76 j .a  
H17.3 
c(b4.6 
9 7 (1. u 
9 R l .  0 

1045 .4  
1114.1 
llU7.4 
12b5.3 
134d.Z 
1436 .3  
1 5 2 1 . R  
1620.9 
1714.0 
1 fl '9 !J . 5 
I ' jb  4. 4 
LOHd.0 
ZLLl.5 
7362.1 
2511 .3  
ZfVf3'1. 5 
211 J l . 5  
3015.9 
3 ? 0 5 .  I 
3401.7 
1623.0 
3 8 5 3 .  i 
409'1.3 
4 3 6 1 .  7 
4640.4 

0.439 4956.6 

I K W / S I  

0.692 
R.6Yl 
U.687 
k .681  
8.673 
0.663 
8 . 6 5 0  
8 e 6 3 4  
8.617 
e . 5 9 7  
8.575 
0.550 
8.523 
6.454 
0.463 
u .423 
H.3'13 
8.355 
6 . 3 1 5  
0.2I2 
8 .72 t i  
h .  1 0 1  
8.152 
U.CB1 

7.972 
7.015 
7 . c 5 >  
7.794 
1 . 7 2 1  
7.cGb 
7 .5Ld  
7.529 

7.31;6 

7.2J5 
7.157 
7.01n 
b.9'17 
6.014 
6.1331) 
6.7<'. 
6.657 

6.479 

u.027 

i . f 9 5 a  

7.311 

6.CJI.o 

ANGLE 
I O L C )  

-0.0 
0.7 
1.3 
2 .0 
2.7 
3 . 3  
4.0 
4.7 
5.3 
6.0 
6 e 6  
7.3 
7.9 
0 a 6  

0 . 2  
Y .3 

10.5 
11.2 
11 .H 
12.5 
13.1 
13.7 
14.3 
1 4 ,9 
15.b 
16.2 
l(S.6 
17.19 
17.'; 

1'1.1 
l ' l r  7 
20.2 
?0.8 
21.3 
2 1  e 7  
2L 0 4 
2 ;  .v 
7 .$ , 4 
2 J  .'I 
2 4 .4 
2't.O 
25.3 
75. I 
2 6 . 2  
26.6 

in.5 

A ~ C L ~  
I d t G I  

6 8  -6 

68.6 
6 8 . 5  
68 .4  

68. I 
67.9 
61.7  

60. 6 

6 0 . 2  

67-4 
67.1 
6b. 8 
66.5 
66.1 
65.7 
65.3 

64.4 
63.H 
63 .3  
67.7 
62. 1 
61.5 
io. 1) 

60.1' 
5 Y  . 3  
5u. 5 
57.7 
5 h  .u 
55.3 

53.Y 
5 2 . 9  
51.a 
50.6 
49.4 
4H. 1 
46.O 
4 5 . 4  
43.Y 
CL. > 
CJ. 7 
3n.9 
37.0 
34.9 
22.7 

64.9 

51i.9 

L A 1  

I D t G l  

0.0 
2.0 
4. 1 
6.1 
8.2 

10.2 
li. 3 
14.  4 
16.4 
18.5 
2 0  -6  
22.7 
24.8 
26.9 
L Y . 0  
31.1 
3 3 . 3  
35 .5  

3V.U 
42 e0 
44.3 
46.5 
4 0 . 0  
51.0 
53.4 
5 5 .  7 
!Jl> .o 
b0 .4  
62.7 
65.1 
b7.5 
b'). 8 
72.1 
14 .3  
76.4 
18.2 
19.5 
U J . l  
11.7 
18.5 
76.5 
74.0 
71.2 
bt).  0 

31.6 

LONG 

I O E C I  

-1 .4 
-1.4 
-1.4 
-1.4 
-1.5 
-1 .5 
-1.6 
-1.7 
-1 e 8  
-1.9 
-2 .0 
-2.1 
-2.3 
-2.4 
-2.6 
-2.9 
-3.1 
- 3 . 4  

-4. 1 
-4 .5  
-4.9 
-5.4 
-6.0 
-6.7 
-1 .5  
-8.5 
-9. h 

-10.9 
- t 2 . 5  
'- I 19 . 5 
-17.0 
-2C. L 
-24 .L 
-29.6 
-36.3 
-46.9 
-60.2 
- I6.6 
-93.9 

-109. 1 
-121.0 
-129.6 
-115.9 
-140.5 

- 1 . 7  

RANCf  
APERTURE 
I M E T E R S  I 

1.13 

1.14 
1.13 

1-16 
1.19 
1-23  
1.27 
1.32 
1.38 
1.45 
1.53 
L.bZ 
1.71 
1.82 
1.94 
2.07 
2.20 
2.36 
2 e 5 2  
2.70 

3.10 
3.32 
3.5b  
3.82 
4.10 
4.41 
4.74 
5.09 
5.40 
5.89 
6.35 
6.84 
1.39 
7 . 9 0  
0.64 
')e 3 6  
IO. 1 6  
11.06 
12.07 
1J.22 
14.53 
16.05 
17.d2 
19.94 
22.52 

2.a9 

PRF 

I H L I  

7 4 5 5  
7 4 > 0  
743 5 
7 4 1  1 
7377 
7335 
7203 
7224 
7 15C 
736 I 
6 9 9 9  
b91 1 
6 8 1 7  
6 7 1 9  
6 6 1 5  
6 5 0 0  
6 3 3 7  
6 2 0 3  
6 1 6 7  
6049 
5930 
5009 
5683 
5566  
5 4 4 5  
5324 
520 3 
Sob4 
4 9 0 5  
4u4u 
4732 
46 18 
4505 
4334 
4 2 0  5 
41 1'1 
4014 
3971 
3L171 
> 7 7 2  
36 76 
3503 
3 c v  1 
3402 
3316 
3 2 3 1  

A,? I UUTH 
AP t W  TURE 
I C t T t R S  J 

2 - 0 6  
2.06 
2.07 
2.07 
2.08 
2.0y 
2.10 
2.11 
2-13  
2 - 1 5  
2.17 
2.19 
2.21 
2 . 2 4  
2.26 
2.29 
2.32 
2.35 
2 . 3 6  
2.42 
2 .45  
2.C9 
2 . 5 3  
2.57 
2 -  61 
2.65 
2.6Y 

2 .78  
2.82 
2.07 
2.91 
2.96 
3.00 
3 - 0 5  
3.09 
).14 
3.19 
3 . 2 3  
3.1d 
3 . 3 3  
3.37 
3.42 
3. 41 
3.50 
3.55 

2. 7 3  
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RADAR MAPPING PARbHCTEPS F O R  LERO OIlPPLEH AZlMbTH POlNTlFtG 

O R B I T  ECCENTRICIlY * 0 . 5  
SIDE-LOOK bFil;L€ a 25.0 LIlGRiES 

SWATH U l O T H  36.0 KM 
WAVELENGTH 10.0 CH 

TP UE T I  P4k 
ANOMALY 

t DCG I 

0.0 
2.0 
4.0 
6.0 
e. 0 

10.0 
12.0 
14.0 
16.0 
1b.O 
20.0 
22.0 
24.0 
26.0  
2A. 0 
30.0 
32.0 
3'1. 0 
36.3 

40.0  
42 -0 
44.0 
46.0 
411.0 
50.V 
52.0 
54.0 
5 o . G  
50.0 
60.0 
6 2 . 0  
64.0 
6 6 . 0  
60.0 
70.0 
72 .o 
74.0 
76.0 
7d.0 
80.0  
rr2.0 
8 4 . 0  

3n.0 

e h . 0  
68.0 
90.0 

( I i R  I 

-0 .o 
0.007 
0.014 
0.022 
O . O Z 9  
0.036 
0 . 0 4 3  
0.05 1 
0.05R 
0.065 
0.073 
0.080 
0.388 
0.096 
0.103 
0.111 
0.119 
0.127 
0 .  1 35 
0.144 
0.152 
0.161 
0.16') 
0.170 
O.lU7 
0.196 
0.L06 
0.2 15 
0.425 
0.235 
0.245 
0.256 
0.267 

0.20') 
0 . 3 3  1 
0.313 
0.315 
0.33f l  
0. A 5 1  
0.2 64  

0.392 
Co't07 
0.423 

0 . ~ 7 0  

0 . ~ 7 ~  

SLANT O R B I T A L  OOPPLCR GRAZlNG 
RANGE V E L C C I T Y  

( K M )  

4 44'. 6 
446.1 
450.5  
45#. c 
4 6 8 . 5  
402.1 
4 9 ~ .  7 
516.4 
541.3 
5b7.4 
596.7 
629.4 
665.5 
7 0 5 .  I 
74%. 3 
1'45.3 
R46.O 
900.7 
959.4 

1022 .c 
10d9.9 
1161.9 
123tl.7 
1320.5 
1407.6 
1500.2 
1538.7 
1703.2 
ld14.2 
1932. 1 
2057.3 
2 I f) 0.2 
2331 m 3  

2641.0 

2991.8 

3301.3 

24141 .4 

z n i o . 8  

3104.9 

3612.5 

4 1 05 8 
4382.7 
40 04 0 2 
5015.0 

3849.9 

0.439 53B1.9 

I K ~ I S  J 

t).hCIL 
8.691 
G.687 
0.681 
d.673 
0.663 
8.650 

8.617 
0.597 
8.575 
8.550 
8.523 
8.494 
U.463 

8.393 
6 . 3 5 5  
C.315 
8.272 
U.228 
8.lR1 
0.132 
8.081 
8.027 
7.972 
7.915 
7. e55 
7 794 
7.731 
7.666 
7 e 5 9 8  
7.529 
1.450 
7.386 
7.311 
7.235 
7.157 

Me634 

0.429 

7.078 
6 - 9 9 ?  
6 -914 
6.830 
6.744 
6.657 
6 . 5 6 8  
6.479 

ANGLE 
l O t C l  

-0 .0  
t . 7  
1 e 3  
2.0 
2.7 
3.3 
4.0 
4.7 
5.3 
6.0 
6.6 
7.3 
7 .Y 
U.6 
9 .z 
9.9 

10.5 
11 02 
11.8 
17.5 
13.1 
13.7 
14.3 
14.9 
15.6 
16.2 
i6.8 
17.4 
17.9 
10.5 
19. 1 
19.7 
20.2 
20.8 
21.3 
21.9 
22.4 
22.9 
23.4 
23.9 
24.4 
24.6 
25.3 
25.7 
26.2 
26 06 

ANGLE 
I O t C l  

63.2 
63.2 
63.2 
63.1 
C3.C 
62.9 
62.7  
62  -6  
62.  C 
62.1 
61.9 
61.6 
61.3 
60. 9 
b0.6 
60.2 
59.7 
5 9 . )  
> 13. tl 
50.3 
5 7 . 1  
57.1 
56.5 
5 5 . 6  
55.1 
54.4 
53.6 
52.8 
51.0 
5 1.0 
50.0 
49.0 
4 1.9 
46.8 
45.6 
44.3 
43.0 
41.5 
45.0 

36.7 
34. u 
32.0 
30.6 
2 0 . 2  
25.5 

3n.4 

LA1 

( O E G )  

0.0 
2.0 
4.1 
b. 1 
3.2 

1 0.2 
12.3 
14.4 
16.4 
16.5 

22.7 
20 -6  

24.8 
26.9 
29.0 
31.1 
3 3 . 3  
35.4 
3?.6 
3') .  8 
42 .o 
64.2 
46.4 
40.7 
51  .o 
53.2 
55.5 
57.8 
60. I 
62.4 
6 4 .  7 
b7.0 
69.2 
71 - 3  
73.2 
75 .O 
76.3 
r 1 . 1  
77. t 
76.4 
74.9 
72.B 
70.2 
67.2  
63.7 

LONG 

(DE; I 

-1.5 
-1.8 
-1.3 
-1. R 
-1.7 
-2.0 
-2.0 
-2.1 
-2.3 
-2.4 
-2.5 
-2.7 
-2.9 
-3.1 
-3.4 
-3.7 
- 4 . 0  
- 4 . 4  
-4.8 
-5.2 
-5.8 
- 6 . 3  
-7.u 
-7.0 

-9.7 
-11.0 
-12.'. 
-14. i 
-ib.Z 
-10.7 

- 1 5 . 0  
-30.7 
-37.1 
-45.3 
-55.7 
-60.1 
-81.7 
-95. 1 

-A0600 
- 1  16.3 
- 123.7 
-1L9.4 
-133.7 

-8.r 

-21 .8  

59.9 - A  37.0 

RANGE 
A P t R T U R E  
I M E T E C t S i  

1.22 
1.23 
1.24 
1.26 
1 - 2 9  
A . 33  
A.3U 
1.44 
1.50 
1.58 
1.66 
1.76 
1.86 
l e y 8  
2.11 
L.L5  
2.4: 
2 . 5 7  
2 .76  
2.95 
3.17 
3.40 
3.65 
3.92 
4.22 
4.53 
4. MO 
5 - 2 6  
5.66 
6.11 
6.60 
7.13 
7.72 
8.37 
9.00 
9.d9 

10.78 
11.00 
12.96 
14.29 

17.67 
19.88 
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a f f e c t  the  amplitude o r  SNR of the processed image and angular rates 

are i r r e l evan t  . 
A c r i t i c a l  f a c t o r  i n  SAR image processing is izimuth phase 

e r r o r  due t o  motion of the phase center  of t he  antenna p a r a l l e l  t o  

t h e  l i n e  of s igh t ,  time j i t t e r  i n  azimuth sampling, reference os- 

ci l la tor  d r i f t ,  etc. It i s  customary t o  consider a Taylor series 

expansion of t he  phase e r r o r ,  i.e., 

t IV- 89) 
2 Q,W = $ o  + "t + %;t + ... 

The constent  term, Are, is of no consequence. 

i s  equivalent  t o  a doppler s h i f t  and w i l l  cause an azimuth dis-  

placement of  t he  t a r g e t  f i e l d ,  but does not  a f f e c t  reso lu t ion .  

The quadra t ic  term defocuses the image, but  does n o t  change posi- 

t ion.  

In general ,  the  e f f e c t s  of azimuth phase e r r o r s  are neg l ig ib l e  i f  

t h e i r  amplitude is less than n / 4  over the  required aperture .  For 

the  case of 100 m reso lu t ion ,  t he  syn the t i c  aper ture  length varies 

from approximately 200 in a t  pe r i aps i s  t o  2000 m a t  the  poles.  The 

corresponding syn the t i c  aper ture  time va r i e s  from approximately 30 

t o  600 msec. During t h i s  time, the  uncompensated motion of the 

antenna phase cen te r  i n  the  beam d i r ec t ion  can vary no more than 

X/8 meters. Assuming a constant ve loc i ty ,  600 msec syn the t i c  aper- 

t u re ,  time and 10 cm wavelength, the maximum "beam veloc i ty  e r ror"  

i s  0.02 m/sec. In  an o r b i t i n g  radar ,  t r ans l a t iona l  ve loc i ty  e r r o r s  

are ins ign i f i can t .  

a t t i t u d e  per turbat ion6 of the spacecraf t .  

mized by pos i t ion ing  the  phase center  of the antenna close t o  the 

rad ius  vector  from the spacecraf t ,  c.g., t o  the  mapping area.  I n  

addi t ion ,  the motion can be sensed by the  spacecraf t  a t t i t u d e  con- 

t r o l  system and compensatei i n  the  radar  receiver .  

The l i n e a r  term, $A, 

Higher order  terms cause higher order  image aberrat ions.  

However, a beam ve loc i ty  e r r o r  may be induced hy 

However, t h i s  can be  min' 
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A second source of e r r o r  i s  reference o s c i l l a t o r  i n s t a b i l i t y .  

I n  a SAR system, the  azimuth doppler i s  measured '0s comparing the  

phase of t he  received s igna l  with t h a t  of t h e  t ransmit ted s ignel .  

The absolute  phase of t b e  t ransmit ted s igna l  is i r r e l evan t .  Xf w e  

allow a maximum phase errc: of ~ / 4  radians,  t he  re ference  osc iLla tor  

phase cannot s h i f t  by more than 1/8 cycle  over the  two-way path 

length t o  the  t a r g e t  f i e l d .  Then we r equ i r e  
fcAT 1 

' IV- 90 ; 

where f c  is the c a r r i e r  frequency and AT is t h e  time delay cor- 

responding t o  the  two-nay path length. 

is due t o  a frequency d r i f t ,  t he  requ;ired relative medium term 
frequency s t a b i l i t y  i s  

Assuming the  phase change 

hf 1 - = -  
8ATfc 

A 
16R 

f C  

= -  
( IV-91) 

where R is  the  s l a n t  range. A t  4000 km, the  required shor t  tern 

o s c i l l a t o r  s t a b i l i t y  f o r  X = 'u cm is 

Af -8 - 2 .5  x 10 
f C  

A t h i r d  source of phase e r r o r  is range and azimuth timing 

e r ro r s .  

l u t i o n  c e l l :  then the  allowable range ga te  err(); is 

The range ga te  must be accura te  t o  about k of a rex-  

where 1: i s  the s l a n t  range reso lu t ion  and B is the  range bandwidth. 

For 50 m s l a n t  range reso lu t ion ,  the  range bandwidth is 3 MHz and 

the required racge ga te  j t a b i l i t y  i s  approximately 83 nsec.  The 

r e l a t i v e  accuracy i s  

r 

r AT 
r k y = 0.3 x emax -=  

AT (IV-93) 

a t  4000 km range. 
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In the szimuth d i rec t ion ,  we w i l l  r equi re  the  azimuth sampling 

33 PRF accuracy t o  be withiii 1/8 of a cycle  over the  processed 

doppler s igna l ,  The total  azimuth phase change i s  the  azimuth 

compression ratio. 
B K =#T 

Y r  a 

IV- 94)  

Hence, we r equ i r e  a relative accvracy of 1/8 I: 
muth reso lu t ion  a t  4000 km range and 10 cm 
quired azimuth compression ratio is K 
azimuth sampling accuracy of approximately 0.5 percent is required. 

For 100 m az:- 
Y. 

ave lmgth ,  t he  re- 

= 20. Pence, a relative 
Y 

CONCLUSIONS AND RECOmEi4ZATIONS 

Recomnended Des i an 

An o r b i t  with an eccen t r i c i ty  of 0.5 is prefer red  as noted i n  

In  t h i s  o r b i t ,  t he  spacecraf t  m. %t t h e  mission ana lys i s  section. 

map every o r b i t  using a S-band r-dar t o  obta in  reasonable swath 

widths. 

dimensions that are d i f f i c u l t  t o  a r t i c u l a t e .  

t r i e ; t y ,  a 36 km swath width is needed t o  obta in  20 percent over- 

l ap  a t  per iapsis .  

Wide swath widths r equ i r e  antennas with la rge  azimuth 

Using a 0.5 eccen- 

Ei ther  a constant s i d e  look angle  or a va r i ab le  s i d e  look angle 

can be user' e f fecr ive ly .  

look angle i s  that incr .  ased mapping covezage is obtained. The 

var iab le  s i d e  look scheme can be implemented by cont ro l l ing  the  

antenna along the  zero doppler l i n e ,  bvt  no advantage is gained 

by using a va r i ab le  s i d e  look angle. 

be achieved because the zero doppler d i r ec t ion  devia tes  from the  

r a d i a l  d i r ec t ion  a t  the higher l a t i t udes .  

and power requirements limit t he  mapping t o  the  lower l a t i t u d e s  

when small grazing angles cannot be obtained. 

The advantage of using a variable s i d e  

Small grazing angles  cannot 

The upper PRF cons t r a in t  

I n  order  t o  imple- 
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Pient a var iab le  side look angle type of scheme, the antenna must 

scneral ly  be pointed in  another d i rec t ion  than the zero doppler 

direction. 

var iab le  s i d e  look angle type of scheme, whm the  antenna is not  

generally pointed along the  zero doppler l i n e  is by using an elec- 

tronic o f f s e t  c lu t te r lock  system or by biasing the antenna t o  point 

a t  a constant squint  angle. 

l’m of the  more promising ways of implenenting a 

Two s i d e  look angle alternatives (constant side look angle and 

var iable  s i d e  look angle) have been discussed to el iminate  ambi- 

gu i t i e s  and reduce the power required. 

can be used with a dual beamwidth antenna to map about 80 percent 

(mapping to  - +55O)  of the  surface. Increased mapping coverage can 

be obtained by using a var iab le  s ide  look angle type of scheme. 

This type of schene uses small grazing a rg les  t o  eliminate ambi- 

g u i t i e s  and reduce power. 

be implemented by using an electronic o f f s e t  c lu t te r lock  system o r  

by squinting the  antenna forward or rearward a t  a constant angle, 

so t h a t  complete surface mapping can be obtained. 

is favored because a constant s ide  look angle coupled with a constant 

squint  angle can be used t o  ge t  var iable  grazing angles, e1iminatir.g 

one antenna gimbal and obtaining complete surface mpping. 

A constant s ide  look angle 

The var iable  s i d e  look angle schemes can 

The latter scheme 

Reflector type antennas w i l l  probably be used for the  earlier 

missions, even i f  a shared antenna configuration (Configuration A 
%lime 11) is selected and/or a constant s ide  look angle with a 

dual Segmwidth antenna (a more complex antenna design) is used. 

For the  later missions, the  planar a r ray  may be a competitive 

design in terms of cost  and weight; and would add t o  the radar 
and antenna subsystem r e l i a b i l i t y  and f l e x i b i l i t y .  

The power requirements are derived i n  the next section for 

Point t a rge t  theory of SAR systems does c l u t t e r  type targets .  

no t  apply when c l u t t e r  type ta rge ts  are mapped. 
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Discussions of the  ambiguity spectrum for a synthet ic  aperture 

radar show the  ambiguity levels i n  the f a r  range re turn  are un- 

acceptable using a 6 db cr i te r ion .  

pat terns)  cases are unacceptable f o r  the f a r  range beamwidths. 

Both uniform and cosine aperture  i l l m i n a t i o n s  are discussed, where 

in prac t ice  ihe i l lumination is some where betwaen these two e-:- 

tremres. 

levels lead to  a zero doppler leve l  of 4 db, .Acre 

probably represents the  most sat isfactor ;  compromise. 

All the  6 db (two-vay antenna 

For the far range c a ~ e s ,  the  rapid change in u b i g u i t y  

= 1.62 

The r a b r  system augmentatior! discussions show how the mapping 

radar subsystem can be mechanized t o  have dual frequency and dual 

polar izat ion capabi l i t i es .  

dual polar izat ion system is to  have the capabi l i ty  pa r t  tune t o  

save cost. Only an addi t ional  feed and electronic switch are 

needed t o  receive the  cross polarized return.  

tem would be designed in  tems of power f o r  the  like polarizo,d 

return. 

when operated i n  the cross-polarization mode. 

ducted using the  cross-polarization systen during the  mapping over- 

lap  pericds to  determine the  planet surface charac te r i s t ics .  

l i t t l e  addi t ional  cos t  would be needed t o  get addi t ional  information 

about the surface. 

rate and data volume capab i l i t i e s  f o r  the  data handling and comnuni- 

cation subsystem. 

The favored method of implementing a 

The radar subsys- 

The mapping may be degraded due to  being under-powered 

Mapping can be con- 

Very 

This implementation w u l d  require  the same data 

The dual frequency could a l s o  be a f u l l  t i m e  and pa r t  time capa- 

b i l i t y .  

computer o r  by ground command. 

both frequencies t o  save subsystem development costs. 

data handling capabi l i ty  would be needed when implemented t h i s  

way. 

Each operating frequency could be commanded by t h e  control 

Many components can be shared by 

The same 

I f  a f u l l  time system i s  required, the s i z e  and cost  of the 

radar and data management subsystems are doubled, and i t  is 



doubtful whether t h i s  addi t ional  cost  and weight can be j u s t i -  

f ied  i n  terms of the  addi t ional  science return.  Since similar 

data can be obtained from the  radar a l t imeter  that operates on a 

d i f fe ren t  frequency than the  mapping radar, the preferred system 

appears to  be a s ingle  frequency mapping radar (S-band) with an 

ex is t ing  Gband radar altimeter system. 

Concerns 

The biggest  radar system concern in  t h i s  study is how t o  elim- 

inate the range ambiguities i n  e l l i p t i c a l  o r b i t s  without using an- 

tennas tha t  are too la rge  to  a r t i cu la t e .  

are suggested, b t t  in  depth s tudies  should be conducted t o  develop 

these schemes. The scheme t h a t  uses a constant s ide  look angle 

and operates in a squint  mode, is  favored, provided a specif ied 

s i d e  lobe can be used t o  control  the  antenna. This mode is examined 

in more d e t a i l  in Vol .  11. The var iable  s i d e  look angle scheme t h a t  

is implemented in t h i s  way appears t o  be a good way t o  eliminate 

range ambiguities. Using t h i s  type of scheme, the  spacecraf t  can 

map the whole planet from e l l i p t i c a l  o r b i t  which needs a much 

smaller propulsion capabi l i ty  than a c i r cu la r  orb i t .  

o r b i t s  can now be used l i k e  circular o rb i t s ,  which simplify the  

radar and antenna subsystem designs. 

requirements are easy t o  meet with the VSL angle type of scheme. 

A number of solutiolls 

E l l i p t i u l  

The PRF constraints  and power 

The radar subsystem power requirements a t  l o w  s ide  look angles 

in the  influence of e s sen t i a l ly  specular re turn  is a concern and 

the power required may have t o  be increased t o  guarantee good 

mapping. There is  same concern whether the  radar range equation 

derived previously can be used without some modification €or the 

small s ide  look angles. 

Resent technology is  a l l  t ha t  is required EO ign and 

develop the  radar  and antenna subsystems fsr the 

mission. 
. 1s mapping 

The Veuus mapping radar  can be b u i l t  today with presently 
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available components. 

the weight, power, and r e l i a b i l i t y  of the system. Eventually, 

phased arrays may be competitive in  terms of weight and cost and 

add f l e x i b i l i t y  to the mapping aperture. 

Advanced technology should only reduce 
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V .  DATA HANDLING 'AND COMMUNICATIONS 

INTRODUCTIOfl AND ASSUMPTIONS 

A planetary topographic mapping mission to Venus will retrieve 
an astounding volume of data. The fundamoital scientif:c tool of  

this mission is a synthetic aperture side-looking radar (SARI due 

to its ability to penetrate the dense cloud layer obscuring Venus 

in the visible spectrum and tne greatly improved controlled azi- 
muth resolution obtainable through coherent doppler processing 
campayad t o  more conventional real aperture ground mapping rsiars. 
However, the coherent doppler processing concept requires addi- 
tional data base management, data processing and reduction in com- 
parison t o  the more traditional vidicon television approach to 
planetary surface study and mapping. That is, the SAR radar is 
differentiated from TV in that the raw output of the radar is not 
a TV-like image, but a hologram of the surface which requirzs 
special processing to reduce the hologram ixiage t o  an intensity 
image. 

The objectives of this study are to 1) paramacrically quantify 
the requirements on data handling and connnunicstions due t o  the 
mission characteristics; 2) from an understanding of the require- 
ments infer subsystem element chara,cteristics and functional allo- 
cations ; 3)  test mission feasibili-ty and technology development re- 
q-Jirements by defining alternative subsystem hardware implemen- 
tations; 4) expose spacecraft subsystem interactions and perfor- 
mance limitations; 5 )  recommend preferred implementations which 
show the best potential for the achievement of an economical, cost 
effective mission implementation which meets or exceeds science 
objectives. 
chart in Figure V-1. 

study interface; the flow of the determination of derived require- 
ments, and major element tradeoffs. 

These objectives are presented in the form of a flow 
The blocks single out the key data management 
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Table V-1 below e x h i b i t s  0 compendium df mission guide l ines ,  

ground r u l e s  and assumptions which bour,ded and d i r e c t e d  stur3ies of 

d a t a  handl ing and communications subsystem elements. 

Table V-1 M i s s i o n  and Study Guidelines and Ground Rules 

Science Covzrage Object ives  

Resolut ion i n  Ground Plane: 100 m x 100 m nominal 

Sur face  Coverage: 

33 rn x 33 m \ . - lescope selectable 

290% a t  nominal r e s a l u t i o n  

Mission C h a r a c t e r i s t i c s  

Time Frame: e a r l y  t o  mid-1980s. 

Duration: 250 day. 

Earth-Veiius Range: 6.63 t o  1.71 AU 
Occultation: Earth:  p e r i a p s e  and apoapse o c c u l t a t i o n  

Solar :  3 to 5 days a t  end of mission wi th  
X-band d i r e c t i v i t y  a t  ground s t a t i o n .  

Orbi t  A v a i l a b i l i t y :  circular to  0.5 eccentricity 

Mapping Characteristics and L o g i s t i c s  

Mapping S t r a t e g y  ( o r b i t a l .  duty cyc le) :  e c c e n t r i c i t y - 0 . 5  : 1:l 
0.3 : 1:2 
0.0 : 1:5 

Ground Plane Swath Widths: e c c e n t r i c i t y  - 0.5  : 56 km 
0.3 : 44 km 
0.0 : 65 km 

@.board Radar Processing St ra tev , ies  

R e f e x r e d :  Onboard presrmrming/image formation on Earth.  

Attractive: Mixed i n t e g r a t i o n  image formation onboard, 
f i n a l  c o r r e c t i o n  on Earth.  

Conmunication Design Basis 
Maiiimm range and peak o c c u l t a t i o n  n e a r l y  co inc identa l  
3 meter antenna r e f e r r e d  t o  Viking c a p a b i l i t y  a t t i t u d e  c o n t r o l ,  
X-band carrier = 8448 MHe. 

Auxi l ia ry  Data Acquis i t ion  Requirements 

_J 
Primary Mission: a1 r imeter ,  r e c e i v e r  A N ,  radar  antenna 

gimbals, 



v-4 

Realtime re lay  of radar data is not possible except under very 

ideal ,  l imited circumstances, therefore,  onboard m a s s  storage is a 

de f in i t e  requirement. 

The mass storage subsystem s tores  the processed radar data on a 

cyc l ic  basis  fo r  subsequent r e l a y  during Ver-us-Earth-Venus coarnuni- 

cations windows. The storage capacity is primarily affected by the 

required surface swath mapped per cycle, degree of onboard process- 

icg, data quantization dynamic range, auxiliary data annotation. 

The nost s igni f icant  fac tor  is the  degree of onboard radar data 

processi2g. The potent ia l  resolution of processing a l l  the r a w  

radar data r2trieved is s igni f icant ly  i n  excess of topographic 

requirements so the  simplest radar processor would average the data 

base t o  reduce the relay requi rawnt  r;hile s t i l l  meeting resolut ion 

requirements (called maximun presuming). Other process .ng candi- 

datas incliide d e f i n h g  the minimum degree of averaging which s t i l l  

meets coverage requirements but does not require  an excessive data 

relay link (min?mm presuming) and forming an image on the space- 

c r a f t  wit5 s ingle  (s ingle  coherent image) azimuth channel or multiple 

azimuth cha-nel techniqies (mixed integrat ion pxocessing). 

The communications l ink must re lay  the  data volume szored i n  

the mass storage element during avai lable  relay time. 

data vJ1-e by relay time exposes an average data re l ay  rate i n  b i t s  

per second which must oe m e t  by the commmications subsystem. 

study examines comamication designs i n  l i g h t  of antenna s ize  l imi t s  

(weight, a l t i t u d e  contyol pointjal- and s t a b i i i t y ) ,  RF power availa- 

b i l i t y  (re!,? ' t o  prime pow1 r lmits, RF amplifier power, e f f i c i -  

ency and rcAL;bility limLts) and the d ive r s i ty  of Earth-Venus s l an t  

ranges over the mission duration (0.63 - 1.71 AU) of 250 days. 

Dividing 

me 

The averege data re lay  r a t e s  are derived by considering both the 

data voltme per mapping cycle and the avai lable  coumunications win- 

dows a t  Venus. lheve window: (as indicated i n  Figure V-1) 3re con- 

t ro l l ed  by times allocated for  the mapping s t ra tegy,  E a r t h  
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occultation, and attitude control for high gain antenna orientation 
at Venus. Orbit eccentricity affects the allocations. In addi- 
tion, the time required for signal acquisition through the Deep 
Space Network at Earth also affects h e  net time available for 
daLa relay from Venus. 
independently from Deep Space Network capability must be put into 
perspective by a comparative tradeoff with the current and projected 
Deep Space Net characteristics. 
include, as a ninkum, three 64 in ground stations with X-bad car- 
rier reception capability with a current upper data rate cxpability 
of 250 kbps. 

Required relay rates frm Venus as derived 

The Deep Space Net is assumed to 

Figure V-2 sumarizes th2 previous discussion in terms of a 
study objectives flow diagram. This diagram also points the way 

to the topical organization of data handling and carmunication 
studies found in Volumes I, 11, and 111. Volume I11 is concerned 
with parametrically deriving and quantifying performance require- 
ments and surveying broad technology bases. Volume I1 is concerned 
with more specific subsystem specifications. That is, based on the 
derived requirements and parametric studies of Volume 111, candi- 
date spacecraft subsystem functional allocations and characteristic 
speciflations are identified in Volume 11. These implmentations, 
in effect, investigate feasibility by evaluations of technology 
limits and subsysten requirement interactions. 
Volume I1 are sys tem comparisons, technology assesmen ts 
ocmnended technology development programs. 
of salient findings and recarmendations of the study. 

Included a l s o  in 
and rec- 

Volume I is a srmmary 

The following paragraphs present findings of the investigations 
of 1) alternative processing modes for planetary synthetic aperture 
mapping radar, 2) the factors leading to and definition of required 
spacecraft temporary and mass data storage including a survey of 

candidate technologies, 3) factors defining required charscteris- 
tics of a comnunications subsystem and parametric implementations, 
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and 4) consideration of impact on and functional requirements of 

the Deep Space Network. 

PARAMETRIC STUDIES 

SAR Processinq Cmsiderations 

Synthetic aperture radar is  d i f fe ren t ia tcd  from conventional 

scanned beam radars (and required fo r  planetary mapping) in that 

i t s  azimuth resolution is not l h i t e d  by the real antenna beam- 

width. Resolution in the  r ad ia l  d i rec t ion  is fundamentally the  

same fo r  both real and synthetic aperture radar. A comparative 

sumnary of potent ia l  azimuth resolution f o r  real aperture radar, 
and several processing options for synthe t ic  aperture radar are 
found i n  Table V-2. 

Table Y-2 Comparative- Radar Resolutions 

I Synthetic Aperture Techniques 

Pa 
D / 2  Full focus 

D 1 Full Focus - Extended 
2 F Illumination Time - x -  

Real Aperture 

060 km 

152 m 

100 m 
K - 2.3 
2 m  

< 2 m  

11.5 kn 

100 m 

3000 kin 

387 m 

100 m 
R = 15 

2 m  

< 2 m  

75 km 

100 m 
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A special  mode which provides resolut ions in excess of 4 the  

actual  horizontal  antenna dimension, of ten cal led "spot l ight  mode" 

o r  "extended i l lun ina t ion  time-fully focused mode" is not considered 

i n  t h i s  study since its resolution potential i s  extremely excessive 

fo r  a topographic mission. 

f ran  conventional scanned beam radar most notably in  tha t  its azi- 
muth resolut ion is not  l imited by the  real antenna beamwidth. 

Resolution in the  r ad ia l  (range d i r e c t i d  is e s sen t i a l ly  the  same 
f o r  radar concepts. 

lu t ions  f o r  synthet ic  and real aperture  radar using the  same 
antenna i n  Table V-2 exposes the  requirement fo r  a SAR i n  plane- 

ta ry  mapping applications.  

a t  slant ranges typical  of c i r cu la r  ( l e f t  colmm) and eccentr ic  
(0.5) o r b i t s  ( r igh t  hand colrrmn) a t  Venus. 

t ions apply t o  the  table: 

Synthetic aper ture  radar is d i f f e ren t  

A comparative summary of exaaple azimuth reso- 

The t ab le  includes example resolut ions 

The following def ini-  

R = radar surface slant range 

A = radar wavelength (10 an preferred reference) 

K = processing compression r a t i o  i n  azimuth 

F = extended i l l m i n a t i o n  t i m e  fac tor  

D = antenna dimension i n  azimuth d i rec t ion  (4 meter ref . )  

c = speed of l i g h t  

d T = ac tua l  trensmitted pulse width 

Cr = compression r a t i o  in range 

I) = incidence angle a t  surface 

pa = processed azimuth resolut ion 

'r = processed range resolut ion ( in  ground range) 

The real aperture  azimuth resolut ion f x  the typical ranges is 

seen t o  be comparable t o  Earth-based radar and unacceptable i n  

l i g h t  of the  topographic objectives of t h i s  stud- j resolut ion on 

the order  of 100 meters i n  the  azimuth (and range direct ion) .  
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Synthetic apertvre techniques have been classiCied according 

to the complexity of mzimuth signal processing involved as 1) un- 

focused, 2) partially focused, 3) fully focused, &> fully focused 

with extended illuminL?ion time. 

provide potential azimuth resolutions considerably in excess of 

the real aperture case and comparable to ihe topographic require- 

ments. 

antennas practical with spacecraft (-4 meters) is greatly in excess 
of topographic requirements, therefore a partially focuaz? processor 

is necessary here. 

All synthetic aperture techniques 

Resolutions achievable from a fully focused technique with 

To s m r i z e ,  the data processing for a SAR system consists 

essentially of the following three steps: 

1) 

2) 

3)  

azimuth presrnrming for bandwidth and data storage 
reduct ion; 

range and azimuth correlation for image generation; 

post-correlation noncoherent integration for image 
variance reduction. 

For the Venus mapping mission it is recanmended that the first 

step be done on the spacecraft, and that the final two steps be 

done on Earth. The following paragraphs discuss in some detail 

the characteristics of processing in the range channel, azimuth 

channel, typical processor implementations for a multimode pre- 

sumner and mixed integration processor, characteristic resolutions 

versus processor type and complexity, and concludes with a sumnary 

of recarmended data handling strategy. 

&nee Channel - The basic geometry of the range channel re- 
lating slant range, ground range, grazing angle, and transmitted 

pulse bandwidth is found in Figure V-3. 

C ARS = A s  sin J, = - 
2B 
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where Xt = slant range resolut ion 
S 

AR = ground range resulut ion 

JI = incidence angle 

d T = dispersed pulse width 

= pulse compression r a t i o  c* 
c = propagation veloci ty  

B = transmitted bandwidth 

Range 1 !'Rg I 
Figure V-3 Ground Range Resolution and Bandwidth 

To obtain 100 m ground range resolut ion the  required radar  

bandwidth is 

(v-1) c H = -  csc JI Hz 
O r  

h e r e  B = bandwidth required 

c = veloci ty  of propagation 

= range resolut ion 'r 
9 = grazing angle 

For 100 m resolut ion a t  a 30 degree grazing angle, the  required band- 

width is 3 MHz. 
width of 10 M H z .  Analog er d i g i t a l  pulse coding and pulse cm- 

pression techniques can be used t o  increase average transmitted 

power fo r  a given t ransmit ter  peak power l imitat ion.  

image processing is done on board the spacecraf t  the range pro- 
cessing would be done on Earth. 

Improving the resolut ion t o  33 m requires  a band- 

Unless t o t a l  
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Equation (V-1) a l s o  leads t o  the input data  rate of the on- 

board da t a  processing system i n  complex wordslsecond; i.e., the  

real da ta  rate is 2B sampleslsecond. 

addressed i n  a later paragraph, Data Storage Requirements. 

Data rate and volume are 

Azimuth Channel - The azimuth reso lu t ion  of a real-aperture  

s i d e  looking radar system is 

pa = R Ba 
= U/da  

where R = s l a n t  range 

(v-2) 

d = azimuch beamwidth a 
A = wavelength 

da = azimuth aper ture  

By coherently recording the  data (i.c., recording both phase and 

Emplisude of the  re turn)  t he  data can be processed t o  obta in  a 

reso lu t ion  of 

where 8 

s l a n t  range plane. 
- h 

is the  t o t a l  change i n  viewing angle  measured i n  the  
B 

I f  the antenna is f ixed,  ea = and 

(v-4) - 
'a 4 s i n  pa/2 

2 da/2 

which i s  the usual equation def in ing  azimuth reso lu t ion  po ten t i a l  

of a f u l l y  focused SAR. However, f o r  che Venus mapper, da will  be 

of the  order of 5 meters o r  less, and the  system w i i l  be capable of 

azimuth reso lu t ions  f i n e r  than the  mission requirements. Hence, a 
p a r t i a l l y  focused syn the t i c  a p e r t i r e  is s u f f i c i e n t .  

Solving equation (V-3) f o r  e a  as a function of reso lu t ion  yields:  
-1 h El = 2 s i n  - 

4 a  (v-5) a 

h * -  
&a 
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Then f o r  X = 10 an, and 100 m reso lu t ion ,  the  required viewing 

angle i s  0.5 mrad. For 33 m reso lu t ion ,  t h i s  is increased t o  

1.5 mrad. 

azimuth beamwidth is 20 mrad. 

with the  processing aper ture  shown within the  real aper ture  beam- 

width. 

I f  a 5 m azimuth ape r tu re  i s  used, t he  corresponding 

This  is i l l u s t r a t e d  i n  Figure V-4 

The instantaneous doppler frequency i n  the  azimuth chacnel is 

f d  = - 'x" cos e (V-6) 
where 0 is the  cone angle  between the  spacecraf t  ve loc i ty  vector  

and a t a r g e t  point.  The t o t a l  doppler bandwidth i s  

- -  - 2v Hz 
a d 

The required doppler bandwidth i s  
- 2v 

B a - X  6, 

Hz - v  - -  
'a 

(v-7) 

(V-8) 

where P 

ape r tu re  given by equation (V-5). 

is  the desired reso lu t ion  and 8 a a is the  required processing 

The doppler bandwidth, Bd, given by equation (V-7) represents  

the  azimuth data rate of the radar  which a l s o  determines the  mini- 

mum PRF, discussed fu r the r  i n  Volume 111, Sect ion IV. 

The previous paragraphs have discussed b r i e f l y  the  a b i l i t y  of 

doppler processing t o  def ine  a n e t  azimuth beamwidth cont ro l lab ly  

smaller than the  a c t u a l  beamwidth of the  antenna which is  u t i l i z e d  

by conventional scanning radars .  The following paragraphs present  

t yp ica l  azimuth presunmer func t iona l  diagrams and implementations. 

Azimuth Presumer Implementations - The azimuth presumner i s  a 

band-pass f i l t e r  which reduces t h e  azimuth bandwidth t o  t h a t  re- 

quired fo r  the  desired reso lu t ion .  This permits resampling a t  a 

lower rate t o  reduce data  s torage  and da ta  processing requirements. 



V-13 



V-14 

One form of presrmrner is a f i n i t e  impulse response t ransverse 

f i l t e r  of length N. 
cell. A conceptual diagram is  shown i n  Figure V-5. However, 

s ince  the  f i l t e r  output i s  resampled a t  a lower rate, PRF/K, a 

p r a c t i c a l  configurat ion requi r ing  less s torage  can be used. 

i s  shown i n  Figure V-6. 

veloped i n  the Data Storage Requirements paragraph of t h i s  sect ion.  

This requi res  N s t rong  elements f o r  each range 

This 

The s torage  requirements are fu r the r  de- 

In  Figures V-5 and V-6, t he  sequence {sn\ represents  the az i -  

muth samples obtained a t  a f ixed  range on successive P E S ,  and the 

reference { wn/ represents  t he  presrnamer weighting coe f f i c i en t s .  

These coe f f i c i en t s  correspond t o  the  impulse response of a d i g i t a l  

f i l t e r  which selects the  port ion of t he  doppler spectrum t o  be 

processed. 

ters, any port ion of t he  azimuth spectrum corresponding to d i f f e r e n t  

azimuth look angles  within the  beam can be se lec ted  f o r  processing. 

By changing the center  frequency of t he  band-pass f i l -  

I f  the  required processing angle,  8 (see. Fig. V-41 ,  is  appre- 

c iab ly  less than the  azimuth beamwidth, Pa ,  then it i s  poss ib le  t o  

simultaneously select several non-overlapping o r  contiguous port ions 

of the  azimuth spectrum t o  permit multi look or multichannel azimuth 

process i n  g . 

a 

Figure V-7 ind ica tes  the  corresponding mu1 t i p l e  azimuth aper- 

t u r e s  which can be se lec ted  by the bank of presrmrners shown i n  

Figure V-8, each centered about a por t ion  of t he  azimuth doppler 

spectrum corresponding t o  look angles o the r  than the  normal an- 

tenna boresight.  Normally, the  antenna e lec t r ica l .  boresight  i s  
or ien ted  t o  the  zero doppler. The bank of presrnamers i s  essen- 

t i a l l y  a multimode p r e s m e r  which can be comnanded t o  r e l a y  more 

channels of da ta  when telemetry data  rates are favorable o r  a t  the 

expense of areal coverage with a f ixed volume mass s torage  system. 

Data from the  mul t ip le  channels can be non-coherently in tegra ted  

on Earth f o r  image qua l i ty  (various) improvement. 
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The buffered data rate out oi a s ingle  presunmer is equal t o  

the  azimuth bandwidth times the nunber of range resolut ion cells: 
W B = B  - 

P a P r  

complex samples/second vu = -  
Pap, 

tv-9) 

where B = presumer bandrldth 
P 

W = swath width 

Ba = azimuth doppler bandwidth 

= range resolut ion 'r 
pa = a z h u t h  resolut ion 

V = veloci ty  

This must be multiplied by the  number of azimuth channels to obtain 

the total data rate. 
The output of the  pres-r is sent t o  the  range-azimuth cor- 

relator f o r  image generation. 

developed i n  the Data Storage Requirements paragraph i n  t h i s  section. 

Azimuth Processing Complexity - A measure of the  azimuth pro- 

Corresponding data s torage impact is 

cessing complexity i s  the requir-d azimuth compression ratio 

(v-10) K = # F  RA 

'a 
which is  equal t o  the minimum synthet ic  aper ture  divided by the  cor- 

responding resolution. It a l s o  represents t h  m i i i n n n r  r r abe r  of 

d i scre te  samples required t o  image the t a rge t  t o  the specif ied reso- 

lut ion.  For a fixed wavelength, the  required azimuth compression 

r a t i o  is proportional t o  range and inversely proportional t o  the 

square of the resolution. This i s  shown i n  Figure V-9. 
If the compression r a t i o  is fixed a t  the value K, then the 

azimuth rc olut ion is 

(v-11) 
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I n  t h i s  case, for a f ixed wavelength, the azimuth resolut ion is 

proportional to  the  square root of range. 

is  "unfocused", i.e., the  azimuth signal is integrated witbout a 

phase correction. 

I f  K = 1, the  processor 

This r a t i o  appl ies  t o  the  resolut ion in the image. If the  

image is formed on Earth, then the  only concern is tha t  data  taken 

f r an  the  surface possesses s p a t i a l  frequency of a t  least one sample 

per resolut ion elenent. Subsequent paragraphs w i l l  discuss the 

impact of fixed and var iab le  compression r a t i o  f o r  the  option of 

forming an image on the  spacecraft. 

Figare V-10 ind ica tes  the  potential azimuth resolut ion of an 

unfocused processor and Figure V-11 indicates  the poten t ia l  azimuth 

resolut ion of a p a r t i a l l y  focused processor having a fixed com- 

pression r a t i o  of 25. 

The unfocused processor i s  iden t i ca l  t o  the  presurmer, i.e., 
is simply a band-pass f i l t e r ,  and hence, would be the  easiest t o  

i m p i m t  on board the  spacecraft .  However, the  bes t  resolut ion 

a t t a inab le  is  158 ut a t  580 km slant range with A = 10 un. 

does not  m e e t  the  reference mission requirements of 100 meter 

resolut ion,  hence a p a r t i a l l y  focused processor would be required 

with canpression r a t i o  varying from 2 to 20 f o r  h = 10 an and the 

This 

typ ica l  slant range var ia t ion  of 400 t o  L300 km i n  eccentr ic  orb i t .  

The azimuth processor must be specif ied f o r  th- l a rges t  compression 

ratio to preserve resolut ion a t  maximum distance. This is no prob- 

l a n  f o r  a ground processor, but would have s ign i f i can t  impact on a 

spacecraf t  processor. In  pa r t i cu la r ,  s ince  a l imited area is 

mapped a t  the longer ranges, i t  may be more cost  e f f ec t ive  t o  use 

a f ixed compression r a t i o  on-board processor specif ied fo r  approxi- 

mately 2000 kn. s l a n t  range, and then accept the mall (x 4 2 )  azi-  

muth resolut ion degradation a t  long range. HL..ce, because of the 

Jarying aeimuth compression required for canstant resolut ion pro- 

cessing i n  an e l l i p t i c a l  o r b i t ,  i t  is recamended t F , t  image pro- 

cessing be done on Earth. 

- 
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2 Mixed I n t e g r a t i o n  Processing - The (mean /var iance)  r a t i o  

of  a s i n g l e  coherent image i s  uni ty .  This  i s  evidenced as image 

speckle .  

F igure  V-12 i l l u s t r a t e s  one f o r ,  of  a mixed i n t e g r a t i o n  azimuth 

processor  used to reduce image speckle.  

srmrmed to t h e  minimum requi red  bandwidth i n  N contigucus band- 

pass  filters. 

rate and s t o r e d  i n  s e p a r a t e  azimuth memories. The d a t a  i s  then 

compressed i n  azimuL:t aid squzrc-iaw de tec ted  to  generate  N separ-  

ate images. A s i n g l e  t a r g e t  w i l l  be imaged success ive ly  i n  each 

processor .  Hence, theoutputs  must be delayed before  noncoherent 
2 s u m a t i o n  to genera te  t h e  f i n a l  image. 

o f  t h e  noncoherent sum is  l/& 

The d a t a  is f i r s t  pre- 

"Iis d a t a  can then be resampled a t  t h e  minimum 

The (mean /var iance)  r a t i o  

If mixed i n t e g r a t i o n  process ing  is done on Ear th ,  then t h e  

te lemetered d a t a  volume m u s t  be increased by N, t h e  number of 

channels added. If t h e  processing is done on t h e  s p a c e c r a f t ,  

then the  d a t a  rate is reduced to t h a t  of a s i n g l e  coherent  image. 

However, i n  t h e  l a t te r  case, t h e  cost ( s i z e ,  power and weight) 

of t h e  onboard processor  could make t h i s  approach unfeas ib le .  Hence, 

i t  ' 3  recomnended t h a t  mixed i n t e g r a t i o n  processing be done on 

Ear th  when t h e  requi red  a d d i t i o n a l  te lemetry bandwidth i s  a v a i l -  

ab le .  

I n  sunmary, t h e  reconmended d a t a  processing s t r a t e g i e s  are given 

i n  t h e  fol lowing w d e r  of complexity: 

1. Telemeter presulrmed azimuth and ui,orocessec' range d a t a  f o r  100 

X 100 meter r e s a l u t i o n .  

2 .  Use a d d i t i o n a l  d a t a  l i n k  c a p a c i t y  foi f i n e r  azimuth r e s o l u t i o n  

or mixed-integrat ion ground processing.  

Mixed i n t e g r a t i o n  onboard processing with f i x e d  compression r a t i o .  

Mixed i n t e g r a t i o n  onboard processing with f i x e d  r e s o l u t i o n .  

3 .  

4 .  
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Possible spacecraft impact versus processing type are com- 

pared in Table V-3 which shows comparative weight and power for 

onboard processing options. 

Table V-3 Impact t o  Spacecraft for Onboard Radar Processing 

Presummer (33 m res.) 

Pres-mer (100 m res.) 

Single Channel Image 
(Fixed K, 100 m res.) 

Mixed Integration - 4 Channel: 
(100 m res.) 

Weight 

5 kg 

7 kg 

20 kg 

75 icg 

Power 

10 w 

15 w 

30 w 

125 w 

In conclusion, this discussion has indicated that unfocused 
processing can provide acceptable resolution for a circular 
orbit and that a focused processor with variable corcpression 

ratio is required to maintain a fixed resolution for eccentric 
orbit. 

Data Storage Requirements - The requirement for data storage 
devices on baard an orbital radar mapping syacecrfat is a firm 
requirement due to the occurrence of Earth occultations, attitude 
maneuvers (which misalign high gain antennas) , possible mutually 
exclusive surface mapping and high rate data relay (due t o  power 
source and configuration limitations) and progranming of Deep 
Space Network receiving stations. 
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Buffer Processor I 
Formatter 

(3 1 
Radar Video 

The s torage  requirements which w i l l  be discussed i n  t h i s  para- 

graph w i l l  be those r e l a t ed  t o  a )  temporary j to rage  used only to  

buf fer  r a w  da t a  rates (or do processing) and b )  mass s torage  fo r  

the  cont ro l  of conditioned radar  dai:a r e t r i eved  on a cyc l i c  bas i s .  

The r e l a t ionsh ip  of processing t o  various synthe t ic  aper ture  con- 

cepts  i s  discussed i n  the  previous paragraph, SAR processing consid- 

e ra t ions .  

The study has shown (See Data Storage Considerations,  Vol. I11 

Section V) t h a t  cur ren t  or  present ly  developmental semiconductor 

technology i s  capable of meeting t h e  temporary s torage  require-  

ments a t  reasonable system impact, and t h a t  magnetic t a p e  mass 

s torage  machines w i l l  m e e t  t h e  c y c l i c  bulk s torage  requirement. 

Data flows i n t o  the  system as ind ica ted  i n  Figure V-13 below. 

Link 
Subsystem 

A 
i 

B 
I 

C 
I 

Figure V-13 Radar Data Flow 

The a a t a  volume required i n  the mass s torage  i s  j u s t  the  prod- 

uc t  of the  average da ta  r a t e  a t  point  C (of Figure V-13) m u l t i -  
p l i ed  by the t i m e  thar  radar  da ta  i s  being r e t r i eved .  The study 

has shown t h a t  an analog (f i lm) mass s torage  sys tem is  excessive 

fo r  t h i s  mission (Vol. 111, Section V ,  Data Storage Considerations) 

therefore  the d iscuss icn  developed below w i l l  proceed i n  terms of 

equivalent  d i g i t a l  da ta  r a t e s .  
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Refer to Figure V-13. The data rate at point C can be re- 

lated to key radar and orbital characteristics by: 

Avg Data Rate at C :  

2v w Kk 2v w Kk (V-13) 

L 

Where: 2: minimus of 2 samples per resolution cell (One 

comp 1 ex word 1 
velocity in ground plane (m/sec> V = 

W = swath width in grouvd plane (m), nominal 

K -- 
k = additional sampling for aperture weighting and 

number of bits per sample 

control. (1 k I 3)  

azimuth resolution dimension if full compression 

applied 

range resolution dimension after compression 

real antenna horizontal dimension 

pa = 

pr = 

Da = 
Equation V-13 is the average data rate after nominal pre- 

suming. 
parameters and swath width by: 

The burst data rate at point A is related to radar 

W x  1 x N  x B  x k  W x l  - x N s x B s x k  
s S - 

Or - - Pr - 
BB - 

Where: W = swath width in ground range 

= ground raige resolution (ml, nominal) 'r 
Ns = 

Bs 

number of samples per cell 

= bits per sample 

PRF = pulse repetition frequency (Hz) 

(V-14) 
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AT = dispersed  ? u l s e  width ( sec)  
P 

C = speed of l i g h t  

9 = graz ing  a n g l e  
- = PRF'l - AT - ATW - 

ATG P 
I n t e r p u l s e  guard time 

ATh = Propagation de lay  over  swath 

= 2w cos JI - 
C 

The i n i t i a l  b u f f e r  relieves t h e  impact of A T W  and provides  

t h e  average rate determined by Equation V-13. Now, i f  a l l  t h e  

d a t a  r e t r i e v e d  by t h e  SAR were coherent ly  processed, t h e  re- 

s u l t a n t  azimuth r e s o l u t i o n  would be on t h e  order  of D 1 2 ,  o r  a 
1 / 2  t h e  r e a l  antenna a z h u t h  dimension. Thus, t o  process  a l l  

r a d a r  d a t a  i s  excessive f o r  t h e  r e s o l u t i o n s  requi red  by t h e  topo- 

graphic  mapping mission. 

t h e  100 m r e s o l u t i o n  requirement.  

about 10 meters are i m p r a c t i c a l  with a s p a c e c r a f t ,  a s y n t h e t i c a l l y  

generated long cntenna muct be employed. 

is j u s t  an  averaging device  wi th  a bandpass f i l t e r  t u  l i m i t  s p a t i a l  

bandwidth t o  j u s t  t h a t  needed t o  achieve t h e  d e s i r e d  azimuth res- 

o l u t i o n ,  and s y n t h e t i c a l l y  generated long antenna,  The equiva len t  

averaged d e t a  rate can be descr ibed  by: 

Tlius a 200 meter aatenna could meet 

But s i n c e  antennas l a r g e r  than 

The s imples t  processor  
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Where: 2:  minimum of two samples per r e so lu t ion  element, 

real sampling 

V: Relat ive ve loc i ty ,  m/sec 

= po ten t i a l  azimuth reso lu t ion  af ter  averaging, 'a 
ground range 

= ground range r e so lu t ion  dimension (m) 

= antenna real  hor izonta l  dimension (m) 
'r 

Da 
W = ground plana swath width (m) 

K = b i t s  per  sample (3jK<6) - 
k = add i t iona l  aper ture  sam3ling constant (1< - k l  2) 

= presum number ind ica tes  s p a t i a l  bandwidth reduction 'a 

a 
D 

" * e  skove equations are f o r  uncompressed radar  da ta  t h a t  l eads  

t 6  ail b L 1 g a ,  but  i s  not  ye t  an image, 

Tnt. eq..ival.ent d i g i t a l  da ta  rate i f  images were formed can 

a l r o  ha r e l a t ed  t o  radar  and o r b i t a l  parameters t h a t  daca rate fo r  

a ..ingle image: 

- V W K kakr 
BPS - 

Pa P r  BI - (V-16) 

Where: - Bi = average processed h a g e  da ta  rate ( s ing le  

ka J azimuth sampling den '.ty constant  ( l < k a l  2 )  

k = range sampling dens i ty  constant ( l < k r  - < 2 )  

chamel  image) 

r 
K = quant izat ion leirel, ( 6  K 9 )  

, V, W = defined abovi! P a s  Pr 

The da ta  rate f o r  image fprmation by thel'mixed in t eg ra t ion  

processing" approach is  (when uncorrelated averaging is accomplished 

on Earth) :  - 
= NgI 
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Where N i s  t h e  number of  azimuth chancels added .  

I f  the  mixed i n t e g r a t i o n ,  0. image averdging were acccmplished 

on t h e  s p a c e c r a f t ,  t h e  n e t  ra te  t o  Earth would be the same as  a 

s i n g l e  channel image, Equation V-16. 

process ing  is discussed i n  f u r t h e r  d e L a i l  i n  t h i s  s e c t i o n .  

The mixed i n t e g r a t i o n  

The d a t a  r a t e s  presented above are  c o l l e c t e d  i n  Table V-4. 

Table V-4 Derived Data Rates vs Processing Strategy 
-~ ~ 

Rate f o r  Chara: teris t i c s  

Processing Mode !BPS) Data Rate Conmen t s 

Raw Burst  Rate W x l  - x N s x B s x k  D i r e c t l y  a f t e r  
- kDC,varies with 

swath BB - P r  

ATW 

Averaged R a w  Rate W x l  - x N  x B s x k  A f t e r  i n i t i a l  
b u f f e r  S 

- P r  BB" 
(PRF-l) 

- 2 x V x W x B s x k  Pos t -presuming Rate Bp= Cons o l l e d  by 
degree of p re -  

Pa x P r  s u m i n g  

VxWxBs x k a x k  
S i n g l e  Channel Image 51- - 5 

- - 
%I = BI Mixed I n t e g r a t i o n  Image 

. P a r i S l e s  def ined i n  previous paragraphs) 

F i n a l  c o r r e c t i o n s  
on e a r t h  

I f  rn:'sed i n t e -  
g r a t i o n  on SIC, 
r a t e  . N - 
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The above discussion has presented parametric data rates f o r  the  

various processing and da ta  acquis i t ion  s t r a t e g i e s  of t h i s  study. 

A key element of each equation is  the required swath width uhich 

is  determined pr imari ly  by the p lane t  r o t a t i o n  rate and size, 

time between mapping cycles ,  and desired mapping overlap.  A r e f -  

erence of about 20% overlap a t  the equator has been as5umed f o r  

t h i s  study. 

Figure V-14 presents  parametr ical ly  the  required swath r i d t h s  

versus  o r b i t a l  e c c e n t r i c i t y  r e fe r r ed  t o  equa to r i a l  overlap. The 

f igu re  a l s o  includes severa l  o r b i t a l  mapping s t r a t e g i e s .  A map- 

ping s t r a t egy  r e f e r s  t o  the o r b i t a l  mapping duty cyc le  t h a t  is a 

mapping s t r a t egy  of 1:N implies t h a t  the sur face  is mapped every 

Nth o r b i t .  

These swath widths are defined (Vol. 111, Section V, Introduc- 

t i o n  and Assumptions) f o r  a re ference  coverage a t  the  equator ,  

therefore ,  s ince  the  reference o r b i t s  are polar ,  o r  near  po lar ,  

t h e  overlap with a f ixed  swath width w i l l  follow an  inverse cosine 

( l a t i t ude )  funct ion due t o  the  va r i a t ion  i n  sur face  ve loc i ty  a t  the  

p lane t  with cos ( I ) .  
For t h e  da ta  management/coPrmunications study the  widths are 

important be.:ause they d i r e c t l y  a f f e c t  the  burs t  da ta  r a t e ,  t h e  

average raw da ta  rate, and presumner memory capacity.  (Presumner 

memory capaci ty  i s  a l s o  a f fec ted  by quant izat ion dynamic range and 

sampling frequency). 

The burs t  data  rate is described by: 

W x l  x N  x B  x k  
r s S - - 

P r  I 

Br - (V-18) 

A T" 
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I I I I I I I 

Swath Yidth vs Eccentricity 
(Equatorial Coverage Criteria) 

Mapping Straixgy of: 
1:l  
1:2 
1:3 
1:5 

I Periaose at  Equator 

0 0.1 0.2 0.3 0.4 0.5 0.6 
Eccentricity- 

Figure V-14 Swath Width vs Eccentricity 
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Where: W = swath width ground range (m) 
= ground reso lu t ion ,  range (m), nominal pr 

Ns = number samples per c e l l  

Bs = b i t s  p e r  sample 

k = sampling rate f ac to r  1 k 2 

PRF = pulse  r e p e t i t i o n  frequency (Hz) 
A S  = Time da ta  received over the  i l luminated swath = 

- 2 w cos+ 
C 

c = speed of l i g h t  

+ = grazing angle  

The dependence on swath width is d i r e c t .  The burs t  rate i s  

conditioned t o  an average rate by t h e  onboard presunmer. 

Now, when the  swath width is designed f o r  a given overlap a t  

p lane t  equator excessive overlap occurs a t  higher  l a t i t u d e s .  I n i t i a l  

da t a  f i e l d  s i z i n g  enployed the  swath widths presented i n  Figure V-14. 
A refinement, then, to  b e t t e r  u t i l i z e  the  da ta  channel would be t o  

s t o r e  a da ta  f i e l d  based on the  equator ia l  swath width, but ac- 

t u a l l y  r e l ay  a truncated da ta  f i e l d  to more c lose ly  follow a given 

(v iz  20%) overlap c r i t e r i o n .  

Figure V-15 under idea l  condi t ions of constant  mapping a l t i t u d e ,  

( f o r  swath width cont ro l  with a changing a l t i t u d e ) .  The e f f e c t s  

of i l luminated swath width i n  the  ground plane with eccent r ic  

o r b i t  is discussed i n  Vol. 111, Seccion I V .  The s tudy has not  

addressed t h e  addi t iona l  da t a  base management required f o r  such 

da ta  averaging. A l l  da ta  would he i n i t i a l l y  accessed then catalogued 

with truncated groups of sweep such 8s those indicated by Figure V-15 

i n  a preferred pol icy.  

could be truncated based on a l t i t u d e  with d i r e c t  s torage  of a 

lower quant i ty  of data.  

overlap t o  assure  coritigclous equal resolut ion.  An assessment 

This concept is diagramned i n  

Al te rna te ly ,  t he  swath widths processed 

It would be necessary t o  provide da ta  base 
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Raw Swath Projection 

Truncated Swath Projection 

I I P1 anetary Disc 

I I 

Figure V-15 Idea l i zed  Swath with Sampling Truncation t o  Equalize Overlap 
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of potential data reduct!-on over the references taken for this 

study can be shown by deriving an "average" resolution cell rate 

based on overall planet area, rotation rate, and processing 

sampling. 

sampled the average resolution cell rate is: 

With the assumption that the entire surface must be 

cells/hour = (v- 19) surface area 
resolution cell dimensions x 
total mission hours 

4*R 
P 

x 242.6 x 24 

2 

Pa Pr 

- 4 a x  (6050 x 10' - 
(100 m) x (100 m) x 242.6 x 24 

5 79 x 10 cells/hour (v-20)  

where R = planet radius 

= 100 meter reference resolution - P 
Pa - 'r 
242.6 = nominal Venus year (Earth days) 

24 = 24 hours per Earth day. 

Then on the basis of a minimum of one complex sample per resolution 

cell quantized to 4 bits each for amplitude and phase an average 

data acquisition rate per hour would be: 

6 6 

Now if the data volume were averaged over every orbit, then for the 

reference 0.5 eccentricity orbit of 4.48 hours the data volme would 

be (on the average) 

7.9 x 10 cell/hour x 8 bits/cell = 63.2 x 10 bit/hr (V-21) 

6 6 4.48 hy x 63.2 x 10 bit/hr = 283 x 10 bidorbit ( V - 2 2 )  

When compared to a typical design (Section V, Vol .  11) for the . 5  

eccentricity orbit (mapping every orbit) the potential for an 
average data relay reduction can be determined: 

6 reference rate 880 x 10 bit = 3. 
average rate 283 x 106 bit (V-23) 
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Now, i f  a nominal 20% overlap were desired i n  azimuth and an a r b i -  

t r a r y  2OZ overlap i n  range vas assumed, the "excess ra t io"  of 3.1. 

woI1 i d become : 

0.8 x 0.8 x 3.1 = 1 . 9 9 z  2.0 (V-24) 

Thus, "on the average" addi t ional  data base management onboard 

might reduce the required volume of data relayed by nearly a fac tor  

of two, not a s igni f icant  reduction. 

vantage of addi t ional  redundant data (nominal design of t h i s  study) 

and a more accurate control of overlap c r i t e r ion  is assessed to  be 

highly subjective so t ha t  t h i s  study does not pursue t h i s  charac- 

t e r i s t i c  further.  This discussion is included t o  recognize the  

poten t ia l  data rate reduction by swath width var ia t ion  t o  control 

the overlap c r i t e r ion  more closely,  but is not recamended f o r  the 

mission due to  the  r e l a t ive ly  l i t t l e  overal l  

duction possible. 

The tradeoff between the ad- 

. t a l  data base re- 

The discussion following presents fac tors  of the remaining data 

rate fac tor ,  data quantization level .  

Analog to  Digital Data Conversion 

The data r a t e s  developed previously a l l  include the number cf 

b i t s  per  sample which r e l a t e s  d i r ec t ly  to  the quantization dynamic 

range, 
analog/digi ta l  converter (ADC). 
voltage is denoted by V + V 
a l l  zeros a t  the  converter output. 

'min) 
s igni f icant  b i t  of the  ADC. 

Data dynamic range follows from the  coarseness of the input 

For an n-bit converter (where maximum 

max llbaX max /2  r e s u l t s  i n  a l l  ones and -V / 2  t o  

The minimum voltage of i n t e re s t ,  

for a given conversion is t ha t  s igna l  detectable  a t  the l e a s t  

Dynamic range is given by: 

(v-25) 

Thus the voltage dynamic range of a 4 b i t  ADC is: 

(V-26) 3 
20 loglo 2 = 18.06 db 
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Figure V-16 presents parametrically the AM: voltage dynamic range 
based on the above equation versus number of Sits, up to 7. The 

figure presents voltage dynamic range in terms of: 

DR = data rate 

n = number of bits 

The dynamic range of the data quantization shodd be correlated 

to the expected radar video S/N ratios. Nominal designs have pro- 

vided for a radar S/N of at least f0 db based on the average cross 
section. Two policies are possible for the ADC; a) a static fixed 
conversio. for all radar signal levels, or b) data conversion ref- 

erenced to the actual signal level in the radar receiver. Case b) 

is preferred and only requires the ADC to be continuously referenced 
to the receiver Putomatic gain control. 

scheme can allow the 18 db converter voltage dynamic range to follow 

the entire dynamic range of the radar receiver. 

is available as a desired auxiliary science data type. 

This dynamic reference 

The receiver AGC 

The quantizer word size of fine resolution digital SAR signal 

processors is, however, a controversial factor. 

following presents a statistical basis for quantizing for minimum 
distortion and presents brief conclusions regarding possible quan- 

tization to a low as one bit. 

available to confidently recoamend one bit quantization for the 

partially focused Venus mappin, spplication, but further evalu- 

ation is recomnended for this rpproach which could drastically 

reduce data volume required. 

The discussion 

Insufficient results are currently 

Recent experiments have shown that dispersed SAR data quantized 

to one-bit amplitude resolution can produce imagery only slightly 

inferior to the best quality imagery obtained from "linear" record- 

ed data. 

the fact that the radar systems used are not strictly linear, but 
exhibit varying degrees of RF, TP and recorder saturation. 

The term "linear" is placed in quotations to emphasize 



v-39 

Quantization Level 

7 
/ 

Figure V-16 ADC Dynamic Range vs Quantization Level 
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In particular, the one-bit quantization did not introduce ob- 
servable Lalse targets due to intermodulatioa distortion as pre- 
dicted by analysis of simple high SNRnodels. 
borne quantization experiment conducted by rRIM hvironmental 
Research Institute of Michigan) the dominant effect was essentially 
laige signal suppression, or image AGC, for imagery obtained of an 
agricultural ar ~ (ref. V-1) . 
ter mapping) was ot significantly affectcd. In the airborne ex- 
periment conducted by Goodyear and processed by ERIM, the dominant 
effect was a 3 to 4 db increase in uniform backgrouqd noise for 
imagery obtained over an urban scene and over water. 

a calibrated corner reflector field showed no change in dynamic 

range of the correlator output. 

In the limited air- 

Surprisingly, ground painting (clut- 

hgery of 

These results suggest that for large time-baadwidth product 
signals the actual video signal dynamic range, based on instan- 
taneous r.m.s. signal to r.m.s. clutter plus noise, is close to 
unity, such that the daninant effect of limiting is signal suppres- 
sjon with respect to the noise. 

Consequently, the phase histories of the (point target) siguals 
are undistorted and compress a t  the processor output. 
limiting does not significantly change the noise structure within 
the processed signal bandwidth, hence, the noise does nor; cmpres. 

before or after quantization. 

The video 

Consider the quantizer transfer characteristic and error func- 
tion shown in Figure V-17 where v represents the input sifpal, v 

the quantized signal and 
q 

7 = v - v  (V-27) 
4 4 

is the error OL distortion simal. If the signal, v, is randomly 
distributed, and a sound measure of the dynamic range of the quan- 
tizer or AID converter i s  the ratio o f  signal power to distortion 
power at the quantizer output. For a quantizer of reasonable size 
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Output Signal 

Eqiiivalent Noise Signal 

Equivalent Quantizer Noise Model 

Figure V-17 Quantizer Transfer Functions 



V-42 

( 3  b i t s  o r  more) the  d i s t o r t i o n  o r  quant izat ioa noise  i d  nearly 

uncorrelated with the  input and, hence, acts as a.11 equivalent added 

noise  with variance 

(V-28) 

where Av is the  quant izat ion in te rva l .  This is  shown i n  ,Pigli:e 

V-17. 

(V-29) k L e t N = 2  

be t h e  number of quant izat ion l eve l s ,  where k is the  number of b i t s  

i n  the  quantized word. 

b ipolar  quant izer  are tV/2 where 
Then the  sa tu ra t ion  l e v e l s  of a s y m e f r i c  

V = NAv (V-30) 
is  the  quant izer  range, 

t r i bu ted  over the  quant izer  range, then the  var iance of the  input 

i s  

I f  t he  input signal, v,  is unifmmly dis-  

.-I 

L V L  
I- 

= v  12 (V-31) 

and the  quant izer  dynamic range o r  SNR is 

2 = N  
= 6 k d b  (V-32) 

However, the  video signals are uniformly d i s t r ibu ted  in ampli- 

tude, hence, equation (V-32) has l i t t l e  value in descr ibing the  

e f f e c t s  of quant izat ion on t h e  s ignal .  

If the video signal has a Gaussian amplitude d i s t r i b u t i o n ,  then 

the  e f f e c t s  of A/D sa tu ra t ion  must be considered. 

a given number of quant izat ion l eve l s ,  t he  scale f ac to r  ( sa tura t ion  

value/r.m.s. s igna l )  can be set t o  minimize the  t o t a l  d i s to r t ion .  

E ~ X  ( re f .  V-2) determines the  optimum quant izat ion level. f o r  N 
: om 1 through 36. 
b i t s )  are shown below. 

In  t h i s  case, f o r  

Results f o r  N = 8 ,  16 and 32 (k = 3 ,  4, or 5 
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Scale  Factor  and Dynamic Range 
For Optimum Quant izat ion of Gaussian Signals  

k Scale  Factor Dynamic Range 
( b i t s )  (v/ 2 1 (SNR,- db ) 

Y 

3 2.35 
4 2.68 
5 2.83 

14.3 

19.4 

24.6 

L e t  us new relate AID converter  s i z e  t o  video SNR. L e t  SN%N 

be the  video SNR defined as t h e  r a t i o  of average uncompressed s ig-  

n a l  power t o  average no i se  p lus  c l u t t e r  power. 

dynamic range o r  equivalent  SNR of t h e  quant izer .  

t i z e r  no ise  i s  uncorrelated with the  input ,  t he  output  SNR is  

given by 

Let SN% be the  

Then i f  quan- 

1 1 

(v-33) 

From Equation (V-33) w e  see t h a t  t he  output  SNR i s  

lesser of S N L $ ~  and Sb%. 

of-view, there  i s  no advantage t o  s e t t i n g  S 

SNRIN. I n  p a r t i c u l a r ,  i f  

then 

ilatea by the  

Hence, from an equivalent  no i se  point-  

much g rea t e r  than NRP 
SN% = (v-34 1 

A reasonable range of Sa% is 

SNE$N 5 SN\ 5 4 SN% (V-36) 

We are now, however, faced with the  problem of def in ing  input  

video SNR whjch i s  highly t a r g e t  dependent. 

radar  is used f o r  t e r r a i n  mapping of ground c l u t t e r ,  then S N h  

is the  r a t i o  of c l u t t e r  power t o  rece iver  no ise  powen’. 

is  mapping a sparse f i e l d  of point  t a r g e t s ,  then SN%N i s  the  r a t i o  

of instantaneous uncompressed t a r g e t  signal power t o  c l u t t e r  plus  

receiver  no ise  power. 

po in t  t a r g e t s ,  then the  composite s igna l  w i l l  be near ly  Gaussian 

For example, if t he  

I f  t hc  radar  

I f  t he  radar  is  mapping a dense f i e l d  of 
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and S N S  may be in te rpre ted  as tile r a t i o  of desired s igna l  power 

t o  c l u t t e r  p l * i s  noise  power. 

It then mkes sense t o  base the  quant izer  dynamic range on some 

Tf the  input  SNR drops, s t a t i s t i c a l  mcasure Df expected input  SNR. 
then no information is  l o s t .  If the  input SNR increases  due t o  a 

s t rong t a rge t ,  the  A/D converter w i l l  s a tu ra t e .  However, the  one- 

b i t  quant izat ion experiments indicated t h a t  occasional s a tu ra t ion  

does not  se r ious ly  a f f e c t  image qua l i ty ;  consequently, extending 

the  dynamic range of the quant izer  t o  accomnodate occasional l a rge  

t a r g e t s  does not  appear t o  be cost  e f f e c t i v e ,  

To summarize, from Table V-5 we note  t h a t  a &-bi t  AID converter 

has a dnamic  range of 19.4 db and sa tu ra t ion  l eve l s  of ~ 2 . 6 8 v f o r  

GsussSan inputs. This should be adequate i f  the  input SNR is less 
than 20 db. However, experimentation with coarse quant izat ion of 

moderate time-bandwidth product signals l i k e  those expected with 

the  Venus o r b i t e r  i s  recommended t o  v e r i f y  t h i s  conclusion. 

Temgorary Storage Requirement;, Presummer 

A p r e s m e r  f o r  synthe t ic  aper ture  radar  da ta  is a device whick 

operates  on raw d i g i t i z e d  radar  da ta  t o  provide averaged da ta  with 

reduced s p a t i a l  frequency" (and bandwidth) f o r  storoge. "ti,? pre- 

summer requi res  a temporary s torage element s ince  a group of range 

bins  must be operated on simultaneously t o  compute the  r e s u l t a n t  

average value (amplitude, and phase) of t he  received c l u t t e r  s igna l  

f o r  storage.  

A conceptual diagram of a Sas ic  f u l l y  expanded azimuth p r e s m e r  

is presented i n  Figure V-5. 

*Spatial  frequency is  a measure of the  diszance along the ground 
between range sweeps of the s ide  looking radar .  
a var iab le  PRF is required t o  maintain a constant  s p a t i a l  increment. 

I n  eccen t r i c  o r b i t  
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The f i g u r e  ind ica tes  t h a t  t he  complex (amplitude and phase) radar  

rece iver  output is sampled and s tored  i n  a temporary menory device 

with subsequent range sweeps next  t o  each other .  

bins (i-e., cells a t  the same s l a n t  range from the  radar )  from sub- 

sequent sweeps are each mul t ip l ied  by a weighting f ac to r  for s p a t i a l  

s i d e  lobe control ,  sunmed, and averaged before s torage i n  the  on- 

board mass memory. This process of taking data  a t  a higher rate, 

and s t o r i n g  it a t  a lower rate i s  indicated by an input switch being 

toggled a t  the  PRF (pulse  r e p e t i t i o n  frequency) and an output switch 

being toggled a t  a lower rate, PRF/K where K depends on the  amount 

of avrraging o r  combining done on t h e  r a w  data.  

sweeps needed in order  t o  compute a c m p o s i t e  value i s  r e l a t ed  t o  

theory about t he  spec t r a l  d i s t r i b u t i o n  of energy r e f l t c t e d  from a 

given sur face  area, and as a minimum is determined by the r a t i o  

2pa/D,, where pa = azimuth reso lu t ion  and D 
i n  the horizontal  d i rec t ion .  Workers ( re f .  V-3) i n  the field define 

a s u f f i c i e n t  maximum mober  of add i t iona l  sweeps averaged as 3 Np; 

Np is  prestrm number. 

Corresponding range 

The number of range 

is  the  antenna dimension a 

In  Figure V-5 the  following de f in i t i ons  are used: 

N = azimuth presum number, 2pa/Da 

= weighting f a c t o r s  f o r  s i d e  lobe cont ro l  and spa t ia l  
f i l t e r i n g  'i 

PRJ? = pulse  r e p e t i t i o n  frequency 

K = data  rate reduct ion f ac to r  

The purpose of a p r e s m e r  i s  t o  average the  raw data ,  l i m i t  

frequency and s p a t i a l  bandwidth, and incorporat-  weighting t o  

maintain s i d e  lobe suppression. 

metr ic  data  rates which would impinge on a p r e s m e r  o r  buf fer  

Presented i n  Flgure V-18 are para- 

memory. 
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Figure V-18 presents the r a w  data rates versus nunber of range 

bins. Nwnber of range bins is computed by: 

Nm = W x l / p r  (v-37) 

where W = swath width in ground range 

= range resolution i n  ground range 
P r  

The nrnber of range bins required f o r  t h i s  mission f a l l  between 130 

and 720 v i t h  a naspinal 100 m ground range. 

rates f a l l  between 5-27 Wps, compatible with current so l id  state 

technology). 

ing of amplitude and phase quantized t o  4 b i t s  each. 

Corresponding r a w  data 

The basis f o r  the parametric curves is camplex sampl- 

The p r e s m e r  storage is  dictated by swath width, pres- number, 

quantization level, and sampling policy such as ccunplex amplitude 

a_.d phase. The temporary storage may be described by the equation: 

s = -  If x C x B s x N  x k  
P p r  P 

(V-38) 

uhe.te S = temporary presmmer storage, b i t s  P 
W = swath width on ground, meters 
C = samples per cell C 2 2 
Bs = b i t s  per sample 2 ,< Bs I 6, 4 nominally 

N = 2 P /D , pres- number 15 I N I 50, typ ica l ly  with 
P D ~ ~ =  L meter P 

k = over sampling fac tor ,  1s k 5 3, reference of 1 

i f  a fu l ly  expanded p r e s m  implementation were used. 

wen tat  ions use i t e r a t i v e  integration (integrate-and-dump) methods 

t o  reduce storage. 

Recent imple- 

This is diacussed i n  a later paragraph. 
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Figure V-18 Average Unprocessed B i t  Rates 
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These requirements can be presented parametr ical ly  based on 

swath width ( eccen t r i c i ty ,  mapping s t r a t e g y )  and n m i n a l  assign- 

ments f o r  the  o ther  variables. The r e s u l t s  of sample parametric 

a l a lyses  are shown i n  Figures V-19 through V-22. 

(V-38) t he  expanded p resumer  s torage  is: 

From Equation 

C x B s x N  x k  
s =  x W b i t s  

P P r  

2 x 4 x 1 6 x l x W  bits s =  
P lo2 

(v-39) 

(V-40)  

= 1.6 W, Np = 16 (p: = 33 my D 

= 4.0 W, Np = 50 (p: = 100 m, Da = 4 m) 

= 4 m) a 

Figure V-19 shows s torage  f o r  '-:l mapping s t ra tegy .  Figure 

V-20 presents  s torage  f o r  1:2 s t ra tegy .  

s t ra tegy .  Figure V-22 shows the  requiremen-> f o r  the 1:5 mapping 

s t r a t e g y  . 

Figure V-21 shows the 1:3 

An a l t e r n a t e  implementation, ar. the reconmended concept, of 

t h e  presunmer i s  conceptually diagramned i n  Figure V-6. This 

technique employs d i g i t a l  delay l i n e s  as t he  s torage  element. 

Weighted values are s to red  i n  the  dynamic s h i f t  regis ter ; .  This 

technique can r e s u l t  i n  a lower s torage  requirerneilt depending on 

t h e  r e l a t i v e  value of the  p r e s m  number, Np, and the  number of 

range bins  per  swath. 
reduced s torage r e l a t i v e  to the f u l l y  expanded presunaner dis-  

cussed previously. 

This i s  the  preferred concept, and requi res  
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This configurat ion,  by s to r ing  the weighted values i n  dynamic 

s h i f t  r e g i s t e r s  can be implgnented with fewer components but sme- 

what reduces the  ove ra l l  f l e x i b i l i t y  of data base management pos- 

s i b l e  relative t o  the  complex f u l l y  expanded p r e s m e r  which could 

provide d i r e c t  access to  a l l  data. The recamended concept i s  the  

form usual ly  employed i n  p rac t i ce  by Earth-based systems. 

d i g i t a l  delay linss are accumulators of a composite weighted s m .  
The 

The memory required f o r  the  coe f f i c i en t s ,  W is nominally deter- 
i,j 

mined by: 
w Mc = K IS N x - 
P r  

(V-41) 

where K = oversamplir f ac to r  f o r  s i d e  lobe cont ro l  

N = number of sweeps averaged 

W = swath width - ground range 

= range reso lu t ion  - ground range 

= memory requirement f o r  c o e f f i c i e n t s  
P r  
M 

C 

Mass Storage Derived- Requirements 

Requirements f o r  onboard mass s torage  are derived through the 

product of recorded da ta  rate times mapping time per  cycle. 

t i o n a l  s torage  capaci ty  ,:auld be a l loca t ed  t o  provide f o r  ground 

s t a t i o n  view window progrwming, or redundant r e l ay  of data .  

Addi- 

Data volume per  cycle  is described by equation (V-42) below 

f o r  t he  raw radar  data. - 
RDV = BR x Tm (V-42) 

where RDV = required da ta  volume - 
BR = average b i t  rate f o r  a given processing option 

= mapping time (Figs. V-23 and V-24) Tm 
Additional da ta  is poss ib le  for radar  da t a  annotation, and aux i l i -  

a r y  science and radar  da ta ,  and engineering data.  

but ions are typ ica l ly  a small percent (i.e. S5%) of the  raw radar 

volume. The range of typ ica l  data  rates derived from t h e  SAR sub- 

These contr i -  
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system are presented i n  Table V-4. These rates are fu r the r  sunnnar- 

ized i n  Figure V-25. This f igu re  is  referenced t o  e c c e n t r i c i t y  

and mapping s t r a t egy  s ince  t h e  swath width follows d i r e c t l y  from 

the  choice of o r b i t  and s t ra tegy .  

quired f o r  mapping of 290 

designs. However, some p r a c t i c a l  l imi t ing  cons t r a in t s  have imposed 

fu r the r  a l t i t u d e  and t r u e  anomaly limits which drop the  ne t  mapping 

time and coverage as a funct ion o f  spacecraf t  configurat ion,  shown 

i n  F i  'Jre V-24. 

map approximately ~ 5 5  

dual beamwidth antenna concept. The curves of Figures V-26 through 

V-29 present  parametric requirements f o r  the  radar  da ta  above. 

Figure V-23 shows the  time re- 

t r u e  anomaly which is  the  goal of mission 0 

Configuration A (shared antenna) spacecraf t  can 
0 t r u e  anomaly Cn an e = 0.5 o r b i t  using the  

Example implementations of Vol. I L  Section V impact t he  s to r -  

age with add i t iona l  da ta  f o r  completeness. 

parametr ical ly  poss ib le  a u x i l i a r y  da ta  sources and a l loca ted  ranges 

of sampling rate and da ta  volume impact. 

o r  can be relayed redundantly over a separa te  low power engineering 

telemetry l ink .  

Table V-5 slmmarizes 

The engineering da ta  i s  

Presented i n  Fiaures  V-26 through V-2" are parametric d i g i t a l  

da ta  s torage  requirement estimates f o r  t he  mapping radar  data. 

These da ta  are p lo t t ed  versus o r b i t a l  eccen t r i c i ty  f o r  t he  var ious 

mapping s t r a t e g i e s  of 1:1, t : 2 ,  1:3,  1:5, according t o  the  bas i c  

equation f o r  radar  da ta  volume given 2s equation (V-42). 

example, r e f e r r i n g  t o  Figure V-26, with a s t r a t egy  of mapping every 

o r b i t  (1 : l )  a t  0.5 e c c e n t r i c i t y  the  indicated radar  volume i s  790 x 

10 b i t s  f o r  rad.ar da ta  alone. 

every second o r b i t  (1: 2)  t h e  indicated data  v o l m e  is approximately 

1550 x 10 b i t s  due t o  the doubled swath width size.  Spec i f ic  

po in t  designs must impact t h i s  volume fu r the r  with add i t iona l  re- 
quirements of opt ional  auxiliary science da ta ,  engineering da ta ,  

and annotation. For typ ica l  es t imates  of such impact, see Volume 

I1 Section V, Example Spacecraft  Implementations. 

For 

6 At t he  same e c c e n t r i c i t y  mapping 

6 
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Figure V-26 s-rizes these data volune parametrics fo r  the 

processing choice of maxirmm presun ing  (nominal = = 100 m). 

Figure V-27 smrizes  these data voltme paranetrics fo r  the op- 

tion of averaging data to  maintain p = 33 meter (pr = 100 m), 

ca l led  nininrn p r e s d g .  This pode vould provide 33 m e t e r  

azimuth resolut ion which could be averaged on Earth t o  the 100 

m e t e r  resolut ion to  match the  nominal range resolut ion dimension. 

Figure V-28 shows the  radar data wlue for the  option of forming 

an image f r m  a s ing le  azimuth channel quantized to  8 b i t s  per 

resolut ion cell (s ingle  coherent image). 

data volune in storage fo r  a radar forming an image f r an  several  

azimuth channels. The so l id  l i n e s  ind ica te  the data  volume for 

an image f r c a  a single channel. The dotted lines are required 

vollrme i f  the mixed integrat ion is accomplished on Earth using 

n ine  azimuth channels of relayed data. 

were accamplished on the  Spacecraft, the  data volune f o r  re lay  

is  indicated by the  so l id  lines. 

P a  P r  

a 

Figure V-29 shows the  

I f  the  mixed integrat ion 

The following p’aragraphs docuaent a nunber of t rade  s tudies  

based on parametric requirements which were iden t i f i ed  fo r  the  

mission. 

systems and d i g i t a l  recording media. 

presented in Table V-6. 

analog techniques appear des i rab le  due to  t h e i r  lack of reuse, 

environmental contr3l and l i f e t ime  of developers, and the auxili- 

a ry  readout systems requirements. It is excessive to  carry suf- 

f i c i e n t  storage media on the  spacecraft  t o  handle the radar data 

f o r  the entire mission. I f  the fi lm cassette could be returned 

t o  Earth, then the  highest  s torage densi ty  of the  analog f i lm 

technique would be an advantage. 

These trades surveyed both analog (Le., fi lm) recording 

A synopsis of the  survey is 

For the Venus mapping mission none of the 

The following paragraphs discuss b r i e f l y  the  a t t r i b u t e s  of the 

storage technologies surveyed and present assesments as the appli-  

c a b i l i t y  to  the Venus m i s s i o n .  These paragraphs i n i t i a l l y  discuss 
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analog storage systems r e l a t i v e  t o  the need t o  provide storage fo r  

the e n t i r e  mission, introduces representat ive space type d i g i t a l  

machines, then surveys a wide range of storage technologies such a s  

magnetic core, magnetic bubble, e l ec t ro  deposited closed f lux  

magnetic menories, plated w i r e  memories, semi-conductor memories, 

op t i ca l  arrays,  e lectro-opt ic  photo sens i t i ve  planar memories, 

magneto-optic memories, photochrmics,  amorphous semi-conductors. 

The survey r a y  be slmaarized i n  several key points:  

The d i g i t a l  magnetic tape recorders which have (or 

w i l l  soon have) been ident i f led  and qua l i f ied  f o r  

space w i l l  meet the capacity and bandwidth require- 

ments of the  Venus mapping mission. 

long l i f e  r e l i a b i l i t y  cannot be answered by t h i s  study 

but cur  i n i t i a l  assessment is  t h a t  a hua l i f ica t ion  

program could es;ablish t h e i r  dequacy. I n  pa r t i cu la r ,  

the  Viking Orbiter, ERTS, or EREP technology i s  d i rec t -  

l y  applicable.  

most cases mapping t o  100 meter resolution. 

The analog mass memory (film) is  excessive fo r  t h i s  

mission due t o  the charac te r i s t ics  t ha t  it is not  re- 
usable, is  very temperature sens i t i ve  (ref .  recent 
SKYLAB f i l m  thermal contamination), l i fe t ime of auto- 

matic developers is questionable and mult iple  systems 

must be  carr ied f o r  f i lm readout. 

and f i l m  systems su f fe r  from the electromechanical 

r e l i a b i l i t y  question. 

s torage density i s  the highest  with good f i lm systems. 

Of the many new mass memory technologies current ly  

under development, the magnetic bubble technology 

o f fe r s  the grea tes t  po ten t ia l  for  space program weight, 

power, r e l i a b i l i t y ,  and capacity benefit .  

Solid s t a t e  technology i s  f u l l y  adequate f o r  temporary 

data storage,  processing and management. 

The question of 

The Viking Orbiter is s u f f i c i e n t  fo r  

Both t a f e  recorders 

It is  recognized tha t  the  
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Analog Mass Memory Technology - Film System 
Film technologies include such approaches as: a) emulsion type- 

silver halide, free radical organic dyes; b) electrostatic type- 

dielectric tape; c) thermo plastic type; d) dry process diazo base 
emulsion. In addition, for this application, a film system must 
be automatically developed and readout on the spacecraft. If the 
film is not reusable, the resident capacity must provide for data 
retrieval over the entire 240 day mission; for a reusable type, a 
design must provide for approximately 700 to 3700 cycles depending 
on choice of mapping strategy or approximately 600 recording hours 

over the year. Further, the modulation transfer function (MTF), a 
measure of spatial resolution on the film, must be sufficient to 
compactly store the data from mapping passes in the bounds of 
available film widths. 
radiation, and overall shelf life considerations. 

Key environmental criteria include thermal, 

It has been noted that with a film system data could be read 
out at controlled (variable) resolution, and data from previous 
orbits would be available for redundant transmission, etc. Due to 
the continuous mapping requirement and data link constraints, how- 
ever, the availability of past mapping data may be questionable. 

Photographic Exposure of a Silver Halide Emulsion Film - Can- 

monly, this technique images data displayed on a cathode ray tube 
(CRT) into a silver-halide emulsion deposited on a film. For the 
Venus application, the film would be developed by a wet, or semi- 
wet chemical process. 
photo pickup device for relay to Earth. 
on the Ranger and Lunar Orbiter programs, 
looking radar application retrieves the exposed film for develop- 
ment on Earth.) 

Later the film is read out by a scanner and 
Such a technique was used 
(The traditional side 

The automatic development process of silver-halide f i l m  is 
based on the diffusion transfer technique in which the chemical 
reactions occur i;~ a rigidly controlled environment by bringing 
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the  exposed f i lm  i n  contact  with a second f i lm i n  contact  with a 

second f i lm  containing the  development chemicals. 

p r i n t  is  nroduced on the  second f i lm  and later read out  op t i ca l ly .  

The pos i t i ve  

The f i lm  system concept employed on the  lunar  o r b i t e r  program 

is presented b r i e f l y  below. 

A system was used i n  the  Lunar *biter program which opt i -  

c a l l y  s tored  video images f o r  later transmission t o  Earth. 

system weighed 68 kg (one hundred f i f t y  pounds) including the  

weight of two cameras. 

system. 

m u l d  be generated from a camera. 
forward t o  a s torage  o r  buf fer  area between the  image generator 

and processor. I n  the  processor the  f i lm  is  chemically developed 

by the  Eastman Kodak "Bimat" process. 

on a take-up reel unt i l  t he  e l ec t ron ic  readout nrocess begms. 

f i lm  scanner, i n  which a f l y i n g  spot  of l i g h t  and s u i t a b l e  o p t i c a l  

elenents are l inked with a photomult ipl ier  pickup, is the  hea r t  of 

the readout equipment. Figure V-31 i l l u s t r a t e s  t he  readout process 

and individual  elements involved. 

The 

Figure v--30 shc'rj, a schematic of t he  

In our  case, tk! image presented t o  the  s torage system 

Af ter  exposure, the  f i l m  moves 

The negat ive f i lm is s tored  

A 

The scanning lens  moves the spot  of l i g h t  i n  a regular  pa t t e rn  

across  a small segment of t he  developed f i lm  covering the 61 un 

(24 inch) width of the  image on the  negat ive with 17,000 horizontal  

scans of the  beam, each one-tenth of an inch long. A complete scan 

across  the f i lm takes 23 seconds. The f i lm then advances 0.25 cm 
(one-tenth of an inch) and the scanning lens  t raverses  over the  

next  segmerrt i n  the  opposi te  d i rec t ion .  

By t h i s  process,  the Lmar Orbi te r  requi res  43 minutes t o  scan 

the  29.5 QP (11.6 inches) of f i lm which corresponds t o  a s i n g l e  

exposure by the  two lenses .  

As the  spot  of l i g h t  passes through the  image on the negat ive 

i t  is modulated by the  dens i ty  of the  image exposcle. 
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After  passing through the  f i lm the  l i g h t  is sensed by a photo- 

mui t ip l i e r  tube wtiich generates an e l ec t ron ic  s igna l  proport ional  

t o  the in t ens i ty  of the transmitted l i g h t .  

timing and synchronization pulses are added, end the  r e su lc  is ied  

i n t o  the caanaunications l i n k  as the Lunar Orb i t e r ' s  composite video 

s igna l  f o r  transmission t o  Earth. 

me s igna l  i s  ampliZied, 

Severzl f ac to r s  of t h i s  system becme very s ign i f i can t  with 

respect  t o  the  Venus application. F i r s t ,  t h i s  system was designed 

t o  readout video images taking the equivalent of a stepped-raster  

scan i . 4  the  azimuth d i r ec t ion  of a SLAR film. Since i n  no case do 

the  equivalent of 17,000 range l i n e s  e x i e t  f o r  the V s u s  case, the 

readout process would have t o  be hodi f ied  on both the  range and 
azimuth dircct ion.  

muth d i r ec t ion  is too great f o r  the synthe t ic  aper ture  radar  case 

The 3.25 an (1/10 inch) reg-s t ra t ion  in  the  az i -  

il l i g h t  of :he r equ i rmen t  t o  s t o r e  the  e n t i r e  mission da ta  i n  the  

f i lm sys ta r .  

Consider the case t h a t  a 3.05 m antenna is used and the maximum 

synthe t ic  aper ture  length were 60 rn (corresponding t o  a zoom mode 

azimuth reso lu t ion  of 30 meters) with a c i r c u l a r  o r b i t ,  1:5 s t ra tegy ,  

PRF of 4000, map time per  o r b i t  of 0.8 hours. 

s ing le  mapping pass i s  derived below. 

sil.ver-halide f i lm system is  the a b i l i t y  t o  s t o r e  "unprocessed" or 
minimally presumed da ta  for later r e l a y  a t  va r i ab le  resolut ions.  

Then the  film l m q t h  per  pass is: 

The f i l m  length f o r  a 

The pr inc ipa l  advantage of a 

4000 sweep/sec x 0.8 h r  x 3.6 x lo3 sec/hr  x 70 nnn/17,000 sweep 

= 47.4 m/pass (v-43 1 
f o r  the mirsion: 

700 mapping passes x 47.4 m/pass = 33,200 m/mission o r  

100,000 f t  of f i lm. (v-44) 

By comparison, 214 m (700 ft) of f i lm i n  a cassette f o r  t he  

Apollo 1 7  sounder experiment weighed approximately 6 . h  kg (15 l b s ) .  

The trend apparent from such s tudies  is  t h a t  the f i lm  system when 



V-71 

impacted with s torage  da ta  f o r  t he  e n t i r e  mission becomes un- 

necessar i ly  complicated and heavy f o r  t h i s  appl icet ion.  

an advancement i n  technology over the lunar  o r b i t e r  system i s  

required. 

Defir.*tely 

Along with the  required volume t o  s t o r e  da t a  f o r  the  e n t i r e  

mission is the need f o r  an extremely w e l l  cont ro l led  environment 

s ince  the emulr,ion f i lm  is very s e n s i t i v e  to temperature, rad ia t ion ,  

and v i b r a t i m ,  

is assessed t o  be p roh ib i t i ve  due t o  the  requirement t o  s t o r e  un- 

processed da ta  f o r  t he  e n t i r e  mission. 

Single  use f i lm developed by wet or semi-wet processes 

Apollo 17 Optical Recorder - The o p t i c a l  recorder of Apollo 17 

recorded SLAR type data f o r  approximately 10 hours of mapping onto 

70 xmn f i lm  i n  a cassette which was manually r e t r i eved  by the  a s t ro -  

naut. This recorder consis ted of a cathode ray tube t o  display the 

radar videc f r m  each range sweep t o  the  f i lm  which was driven a t  

a r i g i d l y  cont ro l led  speed r e l a t e d  t o  o r b i t a l  veloci ty .  

was 5 mn/sec using a panatonix X film. 

were a time code and dynamic r m g e  ca l ib ra t ion  reference.  The 

cassette weight was approximately 6.8 kg (15 l b ) ;  t o t a l  system 

weight was 58.3 kg (115 l b )  using 100 watt average power. 
was, of course,  no t  reusable ,  and was developed i n  ground f a c i l i t i e s .  

Film speed 

Also recorded on the  f i lm 

The f i lm 

By way of example, the  reference performance of t h i s  recorder 

could be extrapolated t o  the  Venus mapping mission to Eurther ap-  

p rec i a t e  the  impact of s t o r i n g  da ta  f o r  t he  e n t i r e  mission. T1i.i 

comparison shows t h a t  it i s  a l s o  excessive to  consider s t o r i n g  only 

p a r t i a l  da ta  f o r  the  e n t i r e  mission. 

With f i lm speed of 5 m / s e c  and a PRF of 4;10 f o r  the Apollo 

mission, t he  f i lm  h-as advanced about 5 rmn/sec x sec/400 sweep o r  

12.5 x 

approximately ( f ipe  pair/12.5 x 

mudsweep, which would be equivalent  t o  a dens i ty  of 
3 nun - 0.798 x 10 o r  100 l p / m  

As an example, assume a HTF of 100 l p / m  and t h e  following 

mission c h a r a c t e r i s t i c s  : 
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(v-45) 3 PRF = 2V/Da where V = 8 x 10 m/sec, D = 3 m 

PRF = 2 x 8 x 10 /m/sec/3m = 5.33 x 10 3 3a sweep/sec (V-46) 
a t  0.8 hrlmapping pa98 and 720 passes the t o t a l  r r , q  t i m e  i s :  

sec/hr = 2080 x 3 0.8 hr/pass  x 720 pasaes x 3.6 x 10 
19 see. (v-47 1 3 

Fina l ly  t o  estimate a t o t a l  f i lm length: 
3 3 2080 x 10 sec/mlssion x 5.33 ;: 10 sweep/sec x 
3 6 12.5 x i o  =/sweep = 1.38 x 10 udmiss ion  

3 

(v-48) 

(v-49) 
Total  f i lm length t o  record a l l  da ta  a t  100 lp/mn: 

Tota l  film: 138 x 10 m c t e r .  

To record a t  500 t i n e  pair/uun (an upper l i m i t )  
3 Total  film: 7 x 10 meter. 

Based on t he  weight of che Apollo 1 7  f i lm cassette which included 

213 m (700 f e e t )  ai: 6.8 bg (15 l b ) ,  the  weight of an equi-valent 

cassette of 7000 m of f i lm :ould be 6.8 x 7000/213 = 240 kg (525 

l b )  . 
Regardless of tne  scale .-actors, etc, ernployed, i n i t i a l  ana lys i s  

concludes t h a t  non-reusable f i lm -.&ich k i l l  s t o r e  da ta  from an en- 

t i re  mission w i l l  be r e l a t i v e l y  heavy. 
Al te rna t ive  Optical Storage Techniques - The paragraphs below 

i d e n t i f y  several altt-mate demonstrated op t i ca l / f  i l m  recording tech- 

niques which have been used i n  space (Apollo 1 7 )  a.,d the laboratory 

(Wrigbt-Patterson A i r  Force Base - F l i g h t  Dynamics Laboratory). 

Representative of advanced film type recording devices is the  

Such multichannel laser f i lm recorder ( a f t e r  Synergetics Corp. 1. 
devices are conmercially available t o  record d i g i t a l ,  analog and 

PW s igna l s  on 8 nm microfilm. 

data several undesirable f ac to r s  r e l a t e d  to analog f i lm recorders  

are overcome; i.e., nonlinear f i lm and modulator cos t r ans fe r  

funct ions,  f i lm st:etch, and cross  t a l k  from adjacent  channels 

due t o  d i f f r a c t i m  er'fects. 

When such a system records d i g i t a l  

2 
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The Synergetics ?DR-5 5s a 36-track laser fi l in recorder capable 

of recording d i g i t a l ,  analog and PCM s igna l s  on 8 mn wide microfilm. 

The system cons i s t s  of exce l len t  components (laser, multi-channel, 

modulator, diode a r ray)  and provides a long-overdc 

multi-channel recording a t  high packing dens i t i e s .  

capabi l i ty  c.f 

The PDR-5 is configured t o  record d i g i t a l  da ta  as t h i s  mode c i r -  

cumvents several  problems inherent  i n  any analog f i lm recorder.  

These include nonlinear f i lm and modulator cos2 t r ans fe r  func- 

t ions ,  f i lm s t r e t c h  and cross  t a l k  from adjacent  channels due t o  

d i f f r ac t ion  e f f ec t s .  These problems are present  i n  a l l  f i lm re- 

corders and must be d e a l t  with i f  t h e  machine is used t o  produce 

input f i lm t o  an op t i ca l  Fourier processor. 

The machine is s imi l a r  i n  operat ion t o  a magnetic tape record- 

Referring t o  Figure V-32, a sens i t i zed  tape is transported a t  er. 
a uniform rate i n  f ron t  of the  recording transducer where da ta  is 

wri t ten  on the  tape. Playback dupl ica tes  t h i s  process except t h a t  

data  is read of f  a t  the transducer. The s i g n i f i c a n t  d i f fe rence  is 

the s e n s i t i v e  tape which is f i lm and the  recording transducer 

which modulates a l i g h t  beam. 

The f i lm t ranspor t  u t i l i z e s  a high i n e r t i a  capstan-pinch r o l l e r  

d r ive  f o r  low wow and f l u t t e r  and supply and takeup reels tensioned 

by torque motors. The e lec t ro-opt ic  transducer cons i s t s  of a con- 

tinuous gas l a s e r ,  cy l ind r i ca l  op t i c s  t o  form the  beam t o  the de- 

s i r ed  shape, a 36 channel e lec t ro-opt ic  modulator and a 36-channel 

so l id  state photodetector. 

beam of l i g h t  approximately 0.8 mn i n  diameter a t  the l / e  i n t e r s i t y  

points .  The beam of l i g h t  passes through an o p t i c a l  assembly, which 

reshapes the beam i n t o  an e l l i p t i c a l  cross  sec t ion  t h a t  i s  less than 

2.5 cm (one inch) wide by 0.025 cm (0.01 inch) thick.  This e l l i p t i -  

ca l  cross  sec t ion  bsam is  incident  on an array of 36 modulator cells  

i s  reshaped so tha t  a t  the  surface of the  record the beam is  approx- 

imately 0.64 an (0.24 inch) in width across  the  f i lm and approxi- 

mately 0.2 IIIC (0.0002 inch) i n  thickness,  measured longi tudina l ly  

t o  the film. 

The output from the  laser is a c i r c u l a r  
2 
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The f i lm used is 8 mm microfilm &fa 8E75) and is develope2 

by conventional processes. 

Advance Technology Film Systems - A number of advance tech- 

nology f i lm system approaches were surveyed f o r  po ten t ia l  appl i -  

cat ion to  the  Venus radar ..rapping mission. 

in the  following paragraphs. 

f i lms, therm plasLits ,  and nonsilver dry process emuls2m. 

Free r ad ica l  dye f i lms have been i n n s t i w t e d  f o r  Earth 

Pese are presented 

Thece Zn:-Zude f r e e  rad ica l  dye 

appl icat ion f o r  use with the  duplication of aerial negatives,  dirt;; 

e lec t ron  beam racording or  f o r  miscellaneous photographic applica- 

tions. 

Higher resolut ion than s i lver-hal ide f i lm is i rherent ly  possible  

with t h i s  f i lm, Le., i n  =cess of 750 line pair/-. The develop- 

m e n t  process is dry and involves i r r a d i a t k g  the  l a t e n t  image w i t h  

u n i f o w  i l l m i n a t i o n  within che absorptive bandwidth of the  lateral 

dye image (which is outs ide the  ini t ia l  spectral  s e n s i t i v i t y  region). 

The images are fixed by beating the f i b  to  about 120°C f o r  three 

minutes . 
Hoi,-ver, she l f  l i f e  of prepared f i lm is only a .Few days a t  room 

tenperature o r  several weeks i f  refr igerated.  

is a great benefi t  i f  f i lm l i f e t imes  could be extended to 2-3 

years. 

appl icat ion . 

The dry processing 

This f i lm technology is current ly  not  avai lable  =or a space 

i t  has men shown that an op t i ca l  image caa be recorded i n  

special p l a s t t c  tzpe which is s e m i t i v e  t o  incident photons. Ttie 

incident l i g h t  causes minute physical deformations OR the  surface 

c:  the  tapt . However, i n  order t o  sense the  deformations Schieren 

o p t i c a l  systems must be employed. 

is ltpprorimately equal t o  t l a t  of f r e e  radiLal organic fi lms and 

t h e  theore t ica l  resolut ion of therm0 p l a s t i c  f i lm is higher than the 

s i lver  hal ide e.iulsion fi lms *i,e.,  750 l i n e  pair/mml. 

T h e m  p l a s t i c  f i lm s e n s i t i v i t y  
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T h e m  plastics have received much developmen: attention recent- 
ly, but with Little attention toward space application. 

many potential advantages such as high sensitivity canparable to 
high resolution photographic emulsions. Additionally, thermo 
plastics are grainless w i t h  resolution potentially of 2000-3000 
lp/r. Infoxmation storage life is long. Information can be read 
out nondestructively indefinitely. 

There are 

Thenno plastics have been s h m  to be erasable but current 
record times are in the atillisecand realm and erase time an the 
order of one second. 

corplete. 
that a high cycle life is possible (up to 10,900) under rigidly 
controlled conditions. 

Further, the heat erasure is not always 

Laboratory development tests have show in sane cases 

T h e m  plastics are assessed as probably not applicable to the 
Venus radar aaapping mission. 

the paragraph on optical memory techniques. 

Further discussion is included in 

A.. advanced technology system has been demonstrated in the 
laboratory (after Laser-Canp Informatian Systems, Inc., East Haven, 
Cann.) which uses a novel non-silver, dry process film. 
is composed of a diazo recording medium embedded in a unique poly- 

meric matrix. 
down by the blue or green light fran an argon laser. 
of the diazo molecules liberates free nitrogen (N2) gas, and when 
the polymeric matrix is heated the free gas expands and forms 

bubbles in the softened polymer. 
in the polymer backscatter light being transmitted through the film 

and the written image can be projected. 
either by heating the film after exposure or by the input beam itself 
if power is sufficient. 

simultaneously. 

'&?he film 

With this process the diazo molecules are broken 
Breakdown 

The bubbles (micron dimension) 

Development is accomplished 

Thus exposures and development can occur 
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For the  SLAR appl icat ion a laser beam could be modulated with 

the radar  video and deflected over the f i l m  t o  record the data. 

The data could be read out  with an electron beam scanning device 

such as a f ly ing  spot scanner. 
This f i l m  is a l s o  not reusable and would therefore  require  

enough f i l m  t o  record the  entire mission. 
f o r  s u i t a b i l i t y  to  space qual i f icat ion.  

No data is  available 

Novel Technology or Ikvices - Several technologies were found 

which seen t o  f a l l  i n  a gray area of c l a s s i f i ca t ion  samewhere be- 
tween a f i lm and a tape. 

(tape) is tha t  the  "eraulsion" or dielectr ic /conduct ive l aze r  i s  

reusable while of fe r ing  high data storage densi t ies .  

following presents the  apparent s t a t u s  of the  d i e l e c t r i c  tape 

technology. 

CBS Laboratories, RCA, ind ica te  t h a t  t h i s  technique can be reusable 

wit.?out degradation fo r  up t o  two years and is insensitive to  tem- 

perature  and radiation. 

The advantage of the  d i e l e c t r i c  f i lm 

Discussion 

Development s tud ies  sponsored by NASA-GSFC, JPL, WPAFB, 

Dielectric tape is fundamentally concerned with recording an 

image (or  analog data) on a spec ia l  composite laminated tape +ich 

stores an h g e  i n  the  form of charge pat terns .  

out  by flooding individual small areas on the  f i lm with electrons 

and recording how many i t  takes t o  r e s to re  the charge i n  t h a t  par- 

t i c u l a r  area t o  neu t r a l  potent ia l .  

The image is read- 

The f i lm i s  composed of a th in  metallic layer  evaporated onto 

a base of mifar which is  folded a t  the  edges t o  prevent contact a t  

the center  of the  tape when the  tape is rol led.  The evaporated 

layer  is covered by a photoconductor which serves t o  convert photons 

incident  to  charge pa t te rn  on the  insu la tor  layer.  Final ly ,  the  

photo conductor i s  covered with a transparent insulat ing layer  of 

polystyrene. 
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The f i lm (tape) can be erased and reused. To prepare the f i lm 

an electron flood beam sa tura tes  the  f i lm t o  a uniform charge 

potential .  

electron flood beam are used. 

f ron t  o r  back (by a CRT f o r  the  radar application).  

with exposure of the image the  tape is flooded with the  electron 

beam to allow secondary electrons to  be produced i n  the  thin 

metallic tape layer,  

conductive layer  t h e  insulat ing layer  is charged i n  accord with the  

op t i ca l  image. 

a small spot;  the  amount of charge from the  beam required t o  

neut ra l ize  a spot on the  f i lm corresponds to the image in t ens i ty  

a t  that point. By raster scanning s t r i p s  on the  film, the  radar 

signal f i lm could be read out t o  an auxi l ia ry  recorder o r  data 
l ink ,  o r  processor. 

To record, both l ight  frcrm the  object  plane and the  

The f i lm may be exposed from the 

Simultaneously 

Due t o  the  varying conductivity of the photo 

For readout an electron beam scans the  f i lm with 

A versatile SLAR processor could be envisioned which would 

employ a t r ad i t i ona l  CRT t o  display the r e s u l t  of each range sweep 

t o  a d i e l e c t r i c  film camera which would record the  data in  the  

usual s w e p  by sweep f o r  later processing o r  *:ad out  t o  a data 

l ink.  
Alternately,  noncoherent image integrat ion could be accnm- 

plished on an image storage tube which is read o u t  and s tored by 

a d i e l e c t r i c  f i lm camera. Since t h i s  could be done on a map 

cycle basis  the amount of tape required would not  be excessive. 
In addition, the  poss ib i l i t y  of s tor ing  data  from several  mapping 

cycles f o r  redundant re lay  t o  Earth is  available.  

Both slit-type and frame type cameras have been demonstrated. 

Read out could a l so  be nondestructive, 

l y  high with the  l imi t ing  fac tors  being lens resolut ion and read- 

out beam control instead of the  tape. 

shown i n  Table V-7. 

Packing density is inherent- 

An example comparison is 
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The d i e l e c t r i c  tape concept has been fur ther  reduced to  prac- 

tice in the  form of the  "electrichon" s torage tube o r  "electrichon 

electrostatic tape recorder." (Ref. Westinghouse Corp.) The 

electr ichon tube could be envisioned as recording SLAR data by 

allowing SLAR analog data t o  modulate a focused electron learn which 

scans across an "endless loop" tape which e f f ec t ive ly  replaces the 

ta rge t  of the  conventional vidicon tube. 

signal storage tube. 

loop tape f o r  e l e c t r o s t a t i c  s torage of information wri t ten by a 

focused electron beam. 

A llharmonic drive" provides smooth rotary motion t o  the  capstan 

through a f lexing th in  m e t a l  w a l l  which forms a vacuumtight seal. 

After standard vacuum tube outgassing and processing, a tape loop 

was run a t  speeds varying f ran  0.254 an/sec t o  9.62 cnt/sec (0.1 t o  
3 inches/second) f o r  over 150 m i l e s  without mechanical degradation. 

Various TV pictures  and test pa t te rns  were s tored and read a t  stan- 

dard rates and bandwidth. Electrechons have been b u i l t  i n  the  3- 
inch diameter format that have an image orthicm. electron gun used 

t o  perform a l l  three functions: erase/prime, wri te ,  and read. 

a 4.5 inch Electrechon tape s igna l  s torage tube has been b u i l t  with 

tm, coaxial image orthicon electron guns, one f o r  each of the writ- 
ing and reading functions, and a l ine beam electron source f o r  

erase/prime action. Thus a l l  three functions may occur simultaneous- 

ly.  
and 150 mm long, 70 prm wide (60 ~llp useful  width) have been used with 

these tubes. A nuclear reactor mis been used t o  i r r a d i a t e  several  

The "electrechon" is a 

The storage surface is in  the  form of endless 

Readout is  accmrl i shed  by an electron beam. 

Also, 

Storage tapes about 300 mp long, 35 nm~ wide (25 mp useful width), 

samples of s torage tape with neutrons and gamna rays. 

s tored and read from the  samples as they had been previously. 

There was no evidence of damage t o  the storage surface o r  t o  s tor-  

age properties.  

Signals were 
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The "Cinechon" s torage  camera tube uses  an endless loop tape f o r  

e l e c t r o s t a t i c  s torage  of the photoelectrons from a photocathode 

retina. 
charge pa t t e rn  which i s  e lec t ron  op t i ca l ly  focused and s tored as 
an e l e c t r o s t a t i c  charge pa t t e rn  on a very th in  d i e l e c t r i c  g r i l l e  on 

an  endless loop of metal tape. 

h a m n i c  d r ive  reduction gear. 

with the  tape being moved between exposures, o r  a panoramic expo- 

su re  may be made with the  tape motion being synchronized with the 

t r a i n i n g  of the  camera i n  azimuth. 

by a mechanical s h u t t e r  i n  the  o p t i c a l  system o r  by an e l ec t ron ic  

s h u t t e r  within the  photoelectron image section. The photographic 

speed index may be r a i sed  a t  the  opt ion of t he  operator  by a 
f ac to r  up t o  30 o r  more by an e l ec t ron ic  process of e l e c t r o s t a t i c  

l a t e n t  image development a f t e r  exposure. Reading is accomplished 

by a high reso lu t ion ,  scanned e lec t ron  beam in the  same manner as i n  

an image or thicon t e l ev i s ion  camera. The electrical video s igna l  

output i s  s u i t a b l e  f o r  d i sp lay  on a high reso lu t ion  kinescope, o r  

f o r  telemetry, o r  permanent mametic recording, over a wide range 

of video bandwidths. 

t h a t  the  e l e c t r o s t a t i c  s torage tape is  reusable.  

energy is  consumed during the e n t i r e  exposures, developing, reading, 

and eras ing  cycle. It has been estimated t h a t  l i f e  expectancy of 

the  camera tubes i s  on the  order of 15  x 10 hours. Tube l i f e  is 
gun dependent not  tape dependent. Even though read and erase can 

be accomplished with one gun, two guns are preferred.  

This tube converts an o p t i c a l  image i n t c  a photoelectron 

The tape d r ive  i s  by means of a 

Single  p ic tures  may be recorded 

Exposure time can be control led 

The p i c tu re s  may be errsed e l ec t ron ica l ly  so 

Only electrical 

3 
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Magnetic Memory Technologies - D i g i t a l  Mass Memory Systems 

Mass memories employing magnetic tape  can a l s o  be an analog memory 

such as a video tape recorder o r  analog type s c i e n t i f i c  recorders. 

This discussior. w i l l  focus on the current and projected d i g i t a l  

types which have evolved as the fundamental element t o  support the 

d i g i t a l  carmunication requirements and performance benefi ts  of 

current space programs. 

cussed include magnetic tape, core, bubble, plated wire, and 

electrodeposited closed flux. 

The magnetic techniques which w i l l  be dis- 

Magnetic Tape Techniques - Magnetic tape memories have been a 

standard f o r  space appl icat ions and have evolved i n  capacity t o  those 

of the Earth Resource Technology and Earth Resources Experiment 

Programs, on the  order of 3 x l o lo  b i t s .  
9 8 (1.3 x 10 b i t s )  fo r  the Viking '75 Orbiter and Lander (4 x 10 

have been developed. 
8 of 1.8 x 10 b i t s .  In addition t o  capacity, however, the  parameters 

of recording bandwidth, cycle l i f e ,  b i t  e r r o r  rates, weight, power, 

e tc .  must be evaluated. 

Lower capacity systems 

b i t s ) .  
Earlier Mariners had capacities on the  order 

The magnetic tape system could be envisioned t o  s t o r e  the data 
from one t o  several  mapping cycles,  depending on the  data processing 

options considered. 

allow an extra degree of redundancy i n  recording a t  a penalty t o  

the ccrmnunications system; increased data ra te .  This fea ture  could 

be incorporated during the i n i t i a l  mission phases when the  closer  

Earth-Venus dis tance would allow the higher data rate a t  no power 

penalty. 

Storing data over several mapping cycles would 

The performance of the Mariner ' 7 1  recording system is indica- 

t i v e  of possible r e l i a b i l i t y  avai lable  with space type magnetic 

tape recorders. Magnetic tape storage systems current ly  ident i -  

f i e d  f o r  space use do not exceed 50,000 Mbit t o t a l  reusable capa- 

c i t y  which is very adequate fo r  the radar mapping mission. 
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Table V-8 s u m a r i z e s  a number of competit ive l a rge  s torage 

capaci ty  magnetic tape recorder  technologies. 

Magnetic Core Memories - Magnetic core  memories are based on 

an a r r a y  of f e r r i t e  t o ro ida l  cores which are each t raversed by a 

set of two orthogonal wires. Usually a t h i r d  w i r e  interconnects  

a l l  core  in a r e l a t e d  address block. 

through the  orthogonal wires (one a t  a time) one can change the  

d i r ec t ion  of the  magnetization of t he  core  thus s t o r i n g  o r  retriev- 

ing  a d i g i t a l  da t a  b i t .  Some memories e l imina te  t h e  t h i r d  w i r e .  

Core memories have found many appl ica t ions  i n  the space environ- 

ments but  s torage  capac i t i e s  would l i m i t  them only t o  a temporary 

s torage  device. Capacit ies f o r  core  memories r a r e l y  exceed 10 

b i t s ;  an example of a space qua l i f i ed  core memory i s  found with the  

Viking ' 7 5  s o f t  lander  (0.200 Mbit capaci ty) ,  

o the r  Mars s torage  candidates core  memories are very r e l i a b l e  but 

heavy and power consuming. 

By passing cont ro l led  cur ren ts  

6 

By comparison t o  

Magnetic Bubble Memories - The developmental magnetic bubble 

memory technique represents  a major breakthrough i n  high capaci ty  

low power mass memory t e r h o l o g y .  This technique, i f  developed 

completely, w i l l  most c e r t a i n l y  be a major contender f o r  the  mass 

memory on a Venus radar  mapper spacecraf t .  

could be the  order  of 0.1 Kbit/m 

some references.  

10 l2  binary operat ions a second i n  magnetic bubble devices could be 

as low as 0.04 w a t t ,  compared t o  10 watts f o r  semiconductor switches. 

Current research i s  examining both d i s c r e t e  a r r ays  of magnetized 

bubble guideways and amorphous subs t ra tes .  

Poten t ia l  dens i t i e s  
3 3 ("~100 Mbit/in 

It has a l s o  been noted t h a t  the power t o  perform 

according t o  

A Lagnetic bubble domain memory cons i s t s  of a magnetic bubble 

source and host c r y s t a l  (e.g., magnetic oxide o r  the  f e r r i t e ) ,  

conducting 1attf.ces formed by micro etching techniques t o  route  the 

bubble domains, a moddat ing  f i e l d  t o  manage the bubble domains, 

and sensing conductors. The presence of a magnetic f i e l d  i n  a 
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region as small as (3.1 cm - 0.005 cm (0.04 - 2 x 
diameter represents a binary digit. 

deposited using thin film techniques directly on tliin slices of the 

orthoferrite bubble domain source and host. 

inches) in a 

The conductor guideways are 

Reference V-4 notes several characteristics of mzgnetic bubble 

dcnnain techniques which limit storage densities and ccn+rollability; 

a) with orthoferrite substrates the diameter of the smallest bubble 

is about equal to the slice thickness; b) domain diameters can range 

from 2 mils (terbium ferrite) to 0.04 mil magnetoplumbite; c) do- 

mains move across a plate in tt.2 directim. of reduced bias; d) a 

single bubble can move over its diameter in less than 100 nano- 
seconds allowing typical transfer rates of about 3 Mbps; e) domains 
have no mass; f) domains can be split with both parts assuming the 
size of the original domain; this process (called replication) can 

be repeated an unlimited number of times; g) usable spatial storage 

locations should be separated by three domain diameters. 

Thic techncdogy, although currently available in laboratory 

models only, is beir.g advanced by several private organizations. 

As a minimum the following comparieo are known to be pursuing the 

bubble technology: Bell Labs, IBM, Honeywell, Hewlett-Packard, 
Monsanto, RCA, Singer, Texas Instruments, Univac, plus many foreign 
companies and universities. This technique of magnetic recording 

is already envisioned to replace the workhorse magnetic tape sys- 

tems of today's spacecraft. 

Electrodeposited Closed Flux Magnetic Memories - By electro- 
deposition micro circuit techniques magnetic digital storage terL - 
nology has been greatly advanced. 

cuitry and photographic et-hing techniques have produced bit den- 

sities on the order of 0.04 Mbit/cm 
a manory plane which can be as thin as several mils. 

Recent examples of micro cir 

2 (0.25 Mbit per square inch) in 

Such packing 

would provide for volumetric densities OR the order of 0.061 Mbit/an3 

(1.01.5 Mbit per ccbic inch), 
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These microcircuit  memories are d i r e c t l y  applicable t o  po- 

t e n t i a l  onboard processing temporary storage implementations. 

Advantages of the  m a a e t i c  memory remain s ince individual storage 

areas re t a in  the  presence of a b i t  by holding magnetization. 

i s  required fo r  read.’rg, writ ing,  and peripheral  control. 

Power 

Plated Wire Memories - A plated wire memory is composed of 

orthogonal wires with a magnetic coating plated on a l l  the  wires 
pa ra l l e l  t o  one of the orthogonal wires i n  the  basic  ‘-amewerk. 

The memory d i g i t s  are formed at  the  5ntetsections of the plated 

wires and the non-plated orthogonal wires. 
i s  inherently nondestructive on readout. 

A plated wire memory 

Relative t o  the space appl icat ion,  the capaci t ies  are less than 

ten megabit and would apply only t o  a temporary lower capacity 
storage device. 

Semi conductor Memory Techno1 o y ~  

High densi ty  semiconductor photograp.iically etched semiconductor 

memories are completely + p l i c a b l e  t o  the  radar processor temporary 

storage rsquitement. Metall ic oxide semiconductor LSI memories are 
avai lable  which consume as  l i t t l e  as l p w a t t  per  b i t  t o  maintain 

storage, and tenths of m i l l i w a t t s  per  b i t  t o  manipulate data. 
namic MOS memories achieve the  highest  densi t ies .  

plementations are a l so  apDlicable. 

sirable due t o  t h e i r  radiat ion sens i t i v i ty .  

t h i s  technology approach several  megiab;ts of randc ,  access stetage.  

The high r e l i a b i l i t y  a t  r e l a t ive ly  Low weight make t h i s  technique 

desirable  for long l i f e  space missions. 

Dy- 
LSI bipolar im- 

Bipolqr memories are less de- 

Typical capaci t ies  of 
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&tical Memory Techniques 

A wide a r r ay  of implenentation techniqt-es t a l l  within the  

c l a s s i f i c a t i o n  of o p t i c a l  memories: laser addresszd o p t i c a l  suh- 

strates, holographic thennaplast ics ,  electrol .-opti-  pboto sensi-  

t i v e  mater ia l s  magneio-optic subs t r a t e s ,  photo chranics ,  and am- 

oThous semiconductor. 

in  most opticalmemories.  

Storage is ei :her  d i r e c t  b i t  o r  holographic 

Inherent  s torage  dens i t i e s  of qtical memories are extremely 

high l imi ted  pr imari ly  by d i f f r a c t i o n  of o p t i c s  or by the beam con- 

t r o l  f o r  read and write e lec t ron  or laser beams. t l  number of al- 

ternate approaches t o  r e a l i z i n g  p lanar  menory a r r ays  are cu r ren t ly  

in  developnent labora tor ies .  

Electro-opt ic  Photo Sens i t i ve  Planar Mewries - Recently an 

o p t i c a l  menory of 1013 b i t  capaci ty  (Ref. Laser Computer COT. ,  

Anaheim, Calif.) was developed and is  cu r ren t ly  under test. 

sys ten  is stated to be random access, with a rsad /wr i te /e rase  cycle  

of 40 n sec, b i t  e r r o r  rate less thaii 10 . Storage is  by d i r e c t  

b i t  recording on a doped l i thium qiobate  s u b s t r a t e  a t  a dens i ty  of 

approximately 10 b i t s / m  . Recording is accomplished by one 2.5 

W argon ion laser and read ou t  by a second laser a t  a d i f f e r e n t  

wavelength on the  opposi te  s i d e  of t h e  memory plane. 

excess of 1013 b i t s ,  approzching 10’’ b i t s .  

This 

-9 

7 2 

The same corporation has proposed development of rnanories i n  

The system requi res  a r e l a t i v e l y  l a r g e  volune €or the radar  

mapping appl ica t ion  s ince  t h e  memory plane is  approximately 1.3 
2 m . 

representa t ive  dimensions. 

Read and write lasers and op t i c s  are in  a d d i t i m  t o  these  

Magneto-optic &terials - Magneto-optic natetials o f f e r  po- 

t e n t i a l  impZenentation advantage of i n d e f i n i t e  s torage,  being 

read and write cycle  l i f e ,  high r e so lu t ion  i n  th in  films, and 

the p o s s i b i l i t y  of wri t ing  and eras ing  with t!ie sane beam. 

of the  bes t  magneto o p t i c  materials is manganese bismuth. TO 

One 



produce good holograms requires more peak power and repeti t ion 

rates than exists currently in laser technology to  achieve data rate9 

corpetitive w i t h  other systems technologies. 3irect b i t  storage 

requires less p o w  and remains feasible and developmex-t w r k  1s 

currently underway on an optical  disk pemrory (reference Honeywell 

fhrporatian). 

W i t h  t h i s  concept b i t s  are stored l 5 ~ e a r l y  along a series of 

concentric tracks in sr medim of manganese bismuth which is mag- 

ce t i ted  to saturation in a direction noxmal to  the surfac-. Re- 
cording is by a laser beam focused to  a spot of several microns i n  

diameter which heats the .redim under the spot so t3at a f t e r  cool- 

ing the magnetization direction has reversed. 

plished by allowing a similar low a t e n s i t y  laser beam to  be re- 
flected or  refracted by the spot on the d iu  and 0bservb.g the 

rotation of the polarization of the laser light. 

formly heating the spot so that it w i l l  r m g n e t i z e  i n  the original 

direction or by an electranagnet. 

reduced t o  re l iable  practice currently, but w i l l  probably be avail- 

able for  a 1980 time frzme mission and could of fe r  great advantage 

in -ry density and re l iab i l i ty .  

Reauout can k accom- 

Erasure is by uni- 

This technology has not been 

Photo Chrmics - Photochrmics of the color center t - p  exhibit 

potentially high resolution (0 1000 l i n e  p a i r d u d  . ad can be opti- 

cally erased, but are relat ively insensit ive (h. gh write energies) 

exhibit thermal decay of infoxmation over time, and demonstrate 

fatigue a f t e r  several read/write cycles. 

mst be used for  reading and writing if readout is  nondestructive. 

Studies have shown an inherently high dynamic range pcssible with 

photochromics, but l i t t l e  development work hs been sponsored. 

A different  wavelength 

Recent developments of photodichroic substances, however, show 
desirable advantages for optical  memories. 
under study in an optical  readlwrite memory research e f for t  a t  the 

University of I l l i no i s  Science Laboratory. 

These m t e r i a l s  are 

Photodichroics polarize 
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in response to incident polarized lig,.it and the response is re- 

vers ib le  by a second op t i ca l  technique and thus allows the deter- 

minatior of the  presence of a b i t  by subsequentlv i l l m i n a t i n g  a 

spa t  in the  memory plane with a reference po1ariLe-i li$tt and moni- 

to r ing  if transmission was blocked or not,  

must be very cold to operate (K C l  

temperatiire (&I*). 

Some phocodichroics 

while others  w r k  a t  roan 
2 

Currently t h i s  technique is ir. advance development stages and 

s':ems to  o f f e r  no par t i cu la r  advantage t o  the  radar mapping appli-  

cation. 

Amorphous Saeiconductors - An amorphous seaiconductor memory 

material respoiida t o  laser l i g h t  by changing f r an  an amorphous 

glassy state which is transparent t o  a c rys t a l l i ne  state tha t  is 

opaque. 

transmission and ref lect ion.  

exposure to  laser l i g h t  a t  a d i f f e ren t  intensi ty .  

have shown that s torage l i f e  is inde f in i t e  and write times as shor t  

as 100 n sec. 

erase control. 

is current ly  underway, 

The c rys t a l l i ne  state exhibi ts  a sharp change in op t i ca l  

The change can be reversed by re- 

Advance s t u d i e s  

The memory would be planar with laser r e a d k i t e /  

Advanced develounent work (re: IBM Corporation) 

Telecamnunications- Requirements 

The teleccmmunications requiranents or ig ina te  with the required 

average data relay rates whlch must be m e t  t o  accomplish the  m i s s i o n .  

With t h i s  requirement i n  focus, parametric analyses proceed i n  l i g h t  

of a l l  the  other fac tors  which influence or l i m i t  teleccmmunications 

performance. The approach for  t h i s  study has been t o  analyze de- 

r ived requirements i n  su f f i c i en t  depth so that resu l tan t  conmuni- 

cat ion designs can avoid excessive system impact. 

Following derivation of parametric requirements, current and 

projected carmumications technology is  discussed i n  l i g h t  of the  

Venus mission objectives.  Discussion in  the following paragraphs 
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include the derived data rate requiranents, cammica t ions  windows, 

parrmretric link performance, system interactions,  imposed l imitations,  

and technology projections. 

cussed in a later paragraph. 

Signal acquisit ion a t  Earth is dis- 

Data Belay Rate Versus Processing App roaches - The goal of 

camanmications design is tha t  it must provide the  capabili ty to  

relay a l l  necessary science data f o r  the entire mission duration. 

Required data rate, then, is  the  strongest derived requirenent. 

The major fac tors  a f fec t ing  coamnmications windows are mapping 

strategy and t ime ,  Earth and so la r  occultation, a t t i t u d e  maneuver 

t ime ,  propagation delay (Earth-Venus), and high rate s igna l  acqui- 

s i t i o n  times. 

a aomi.mil data volume (per re lay  cycle) by the range of available 

re lay  the. The re lay  time is the  camunication vindow. Data 

volume for  the radar is presented parametrically i n  the paragraph 

en t i t l ed  Data Storage Considerations. 

Venus are developed in t h i s  paragraph. 

The required r e l ay  rate is determined by dividing 

Comwnications dndows at 

Resented in Figures V-33 through V-36 are the parametric 

required data relay rates canpared by spacecraft configuration, 

mapping strategy, eccentricity,  a t t i t u d e  control concept, and 

Earth occultation. 

mapping strategy which bounds the rates over periods of no Earth 

occultation and peak Earth occultation. These derived data rate 
requirements are the  core of parametric system implementations dis- 

cussed in  later paragraphs. 

are presented in  Section V Volume 11. 

w i l l  state general findings and conclusions possible from the 

pa rme t r i c  data. 

A p a i r  of rate requirements is shown for  each 

Example point design implementations 

The following discussion 

Practical Deep Space N e t  current (-250 Kbps) and projected 
(-2500 Kbps) receiving data rates are s h ~ u n  

rate plots. 

derived data rate requirements, the parametric benefit of multi- 

a l l  required relay 

Reviewed in l i g h t  of Ear;h o c ~ u ~ ~ a t i ~ z l  Impact on 



v-91 

--- 

Ecccn t ri c l  ty 

1:s 

1:) 

1:z 

1: l  

Occul t a t i c n  
1:l  
I :2 
1:3 
1:l No Occultation 
1 :2 
1:3 

5 

Figure V-33 Required Relay Rate -- Maxlmum Presuming or 
Single Channel Image, Configuration C 
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Figure V-34 Required Relay Rate -- Maximum Presuming or 
Single Image, Configuration A 



v-93 

10 .OOO t 
L 

- 

- - - - 
- 
- 

- 
- 

- 
- 
+ 

e 4  0.1 0.2 0.4 
Eccen tri c i  t y  

1:5 

1:3 
!:2 

1:l 

2500 

1:3 
1: 11 

1:3 1:2b No Occultation 

II s 
100 
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Figure V-36 Mu1 tichannel TelescDpe Rates -- Configuration A 
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orbit mapping cycles is outstanding; to relay the same average 

data rate during occultation with the shared antenna configuration 

spacecraft is impractical with a single orbit mapping strategy, 
except at highest eccentricity. 
gies required data rate varies within a factor of 5 over all 
eccentricities and both classes of spacecraft type. 

For multiple orbit mapping strate- 

The lowest average data rates and corresponding spacecraft 
radio frequency subsystem magnitude are graphically demonstrated 
for the longest time between mapping (multiple orbits) and higher 
eccentricities in all figures. 

Figures V-35 and V-36 present parametric requirements for more 
ambitious approaches or mission enhancement items: a) relay at 
continuous high resolution data which has been presumed, or b) 

relay of channels of imagery allowing uncorrelated image addition 

on Earth. Nine channels of uncorrelated summing is shown because 

the image statistic improvement by this apTroach is equivalent to 

the uncorrelated averaging of presumed data taken at 3 times the 

resolution in both the range and azimuth diwction. 
Significantly the corresponding mass storage increase due to 

the additional data is still compatible with magnetic tape distance 

storage technology. The required relay rates, however, are all 
within the realm of the next generation Deep Space Network under 
the same higher eccentricity or multiple orbit mapping strategies 

as summarized for the case of relaying the planetary 100 meter 
range and azimuth resolution. 

Communications Window at Venus - The comnunications window from 
Venus is a salient characteristic which allows the determination of 

required data relay rate bounds. 
range of required with and without peak earth occultation. 
V-1 of the introduction singles out the salient contributors to 
the communications window: a) the mapping strategy (i.e. number 

of orbits per mapping cycle); b) orbit eccentricity, c )  earth 

Above paragraphs discussed the 
Figure 
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occultation; d) attitude control/orientation time; e) signal 

acquisition by the Deep Space Network. The following paragraphs 

will discuss parametrically the assumptions and timeline contri- 

butions of the factors leading to a cammications window deter- 

mina t ion. 

Camnunications at maximum power (data rate) are assumed to be 

mutually exclusive except for a strategy of signal acquisition 

which was attributable to some implementations of Configuration 

C (see Section V, Vol. 11). 
unnecessary high peak power demand requirement on the power 

subsystem. 

communications mode only available with Configuration C, to 
maintain a minimal coherent signal lock-up time at the ground 

stat ion. 

This approach serves to avoid an 

The special case mentioned utilizes a lower power 

Earth occultation effect was included in the timeline analysis 

The reference occultation for example designs for coutnunications. 

(see Vol. 11, Section V) was peak occultation, but the required 
relay rate contours of this section can be used to determine a 
power based on no occultation (at maximum range) by proportioning 

the required data relay shown in the parametric required data 

rates (8igures V-33 through V-36). 
The effect of earth occultation is most significant at e = 0 

and least significant at e = 0.5 as graphically shown by Figure V-37. 
NominaS designs have provided for peak occultation to test subsystem 

feasibility. With eccentric orbits the reduced actual occultation 

duration is translated to additional design margins of the reference 

designs. 
and no occultation. The Earth-Venus range is superimposed on the 

occultation contours to emphasize the near coincidence of maximum 

range and peak occultation. 

Required data rates were determined for both occultation 
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Apoaps is 

Periapsis 
Apoapsis + Periapsis 
None 

The occultation histories change slightly for eccentric orbits 

when periapsis is shifted from positive latitude through zero to 
negative latitude, but the change in peak occultation ogerall is 
<lo% for the range of periapsis locations considered. 
V - 9 1 :low, further sumnarizes tiri significance of the occultation 
considerations which shows the percsnt of total mission orbits 
experiencing some occultation. 

The table 

46% 29% I 11% 
20% 2 6% 21% 

66% 55% 32% 

34% 45% 68% 

Table V-9 Sumnary of Earth Occultation vs Eccentricity 
Eccentricity Ranges 
0 I 0.2 I 0.5 Orbital Location 

I 1 I 

For single orbit mapping cycles the earth occultation occurring 
near orbit apoapsis is the factor to consider since occultation at 
periapsis would not interfere under a policy of mutually exclusive 
mapping and data relay (mappers occurs only around periapsis). 
multi-orbit meoping cycles with data relay through subsequent orbits, 
the periapsis occultation is also significant, but again the impact 
to an eccentric orbit is less than that for a circular orbit. 

For 

The contribution to timeline dtte to attitude control and point- 
ing is spacecraft configuration dependcnt. The times allocated to 
antenna or spacecraft attitude slewing are smarized in Table V-10. 
These values are deducted from the comnunications window once per 

mapping cycle. 
radar antenna, communication antenna, solar panels) spacecraft con- 
figuration becomes explicit; the impact to the comnunications time- 
line by the altitude control and pointing requirement is removed. 

The primary advantage of a fully articulated (i.e. 
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Spacecraft 
Configuration 

Table V-10 At t i tude  Control Tirriel ine ImDact vs Confisuration 
Cmunication Time Lost 
To Attitude Control (Hr) Somen t 

A 

B 
C Connnunication antenna 

continuously Earth 
oriented . 

0.3 Slew antenna. 
0.9 Slew spacecraft. 
0 

Composite communications windows compared by gexric space- 

craft configurations are shown in Figures V-38 and V-39. 

cammication windows for Configuration B follow directly from 
Figure V-39 by subtracting zn additional 0.1 -1r for additional 
attitude maneuver/control slew tines at an obvious penalty to re- 

quired relay rate. Figure V-38 indicates the benefit in coxmnuni- 
cations time per cycle available using a communications antenna 
which is continuously earth oriented. These curves include for 

lower eccentricities (~0.3) the option of completing signal scqul- 
sition sequences into the mapping phase, This would employ a power 
level that does not excessively impact the power subsystem and was 
shown feasible. The effect of these deyived communications windows 
on necessary average data relay rate was presented in the  Data %lay 
Rate versus Processing Approaches paragraph in this section. 

The 

Communications - Implementatio?b - Two very significant communi- 
cations parameters are the required data bandwidth (rate) and 
mission operating ranges. 

cations subsystem impact will define the effects of mission 
Earth-Venus ranges, transmjtter power, antenna dimensions and type, 

operating frequency, data modulation scheme, ground station antenna, 
ground support baseband equipment characteristics, systcm losses 

and typical operating efficiencies. 

A comDlete understanding of cmuni- 
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Figure V-38 Venus Comnunication Windows -- Configuration C 
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Eccentricity 

Figure V-39 Venus Conxunication Windows -- Configuration k 
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The basis for comrmnications parametric studies is found in 

Table V-11 where the i-.ference values of a "nominal" relay link 

utilizing X-bana (i.e., 8448 dz) and the 64 meter Deep Space 
Network are documented. Parametric implementations have employed 

the data resulting fram including pointing loss at the spacecraft 

and ground station, uncoded data, and maximum mission range of 

1.71 AD (Earth-Venus). Discussion in the Ccnmnunications Enhance- 

ment Tradeoff with Channel Encoding paragraph of this section pre- 

sents performance ennanceoent available by employing data channel 

coding and o t h s  alternative design approaches. The inclusion of 

1-00 w a t t s  at X-band as a reference maxi3mrm power is considered to 

be a currertmaximum based on a compound TUTA system composed of 

50 watt units. 

only and does not necessarily draw directly on a particular space 

program. Contact with recognized space qualified TWTAs resulted 

in the assessment that high powers could be pIoven by a qualifi- 

cation program for Earth-based electronic countermeasures (EW; 
type X-band tubes. 

This is a current feasibility reference assessment 

Several forms of the basic equation describing communications 

perfortrance is shown below: 

S/N = - x A  x-x- X L  x T h x M  (V-50) 1 
2 r KTFB L m 

4=B SYS 

= -  x-x- X L  x T  x M  (V-51) 4 KTFB L m h  
SYS 

2 x -  ~ T R  

(V-52) 
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Table V-11 Telecommunication Reference Performance Values 

1. Tota l  t ransmi t te r  power - lOOW (3 X-band, dbm 

2. C i r cu i t  loss (db) 

3. 

4. Pointing loss (db) 

5. Space loss ( ~ * R / A )  @ 1 AU=149.6 x 10 km (db) 

6, Polar izat ion l o s s  

7. DSIF antenna gain (64 m @ 8448 MIz) (db) 

8. DSIF loss (inc. atmosphere) (db) 

9. N e t  transmission l o s s  

10. Total  received power (dim) 

11. Receiver no ise  spec t r a l  density-37OK (dbm/Hz) 

12. Carrier modulation loss (1.12 rad)  (db) 

13. Received carrier power 

14. Carrier loop bandwidth noise  (2Bm=12Hz)(db) 

15. '."hreshold SNR (db) 

16. Threshold carrier power (dbm) 

17. Margin (3 1. AU 
18. Data modulation loss (1.12 rad)  (db) 

19. Received data power (dbm) 

20. Threho ld  SNR p(bi t )  e r r o r  

21. Desired margin + m i s c .  l o s s  allowance (db) 

22. Threshold da ta  power ( d h )  

23. Remaining da ta  rate bandwidth 3 12-U (db) 

Spacecraft  antenna gain @ 8448 MIz - 2m (db) 

2 6 

.5~10-~ PSK (db) 

(includes S/C point ing l o s s  6, DSIF loss) 

+ 50 

- 1.6 

+ 42.28 

- 3.0 

-274.45 

- 0.10 

+ 72.35 

- 3.0 

-282.15 

-117.52 

-i82,70 

- 6.86 

-124.38 

+ 19.8 

+ 10.0 

-161.9' 

+ 37.52 

- 1.02 

-118.54 

i 7.3 

-171.40 

+ 52.86 

Adverse 
Allowance (db) 

0.0 

0.1 
1.5 

0.0 

0.2 

0.1 
1.0 

1.0 

3.9 

3.9 

0.2 

0.1 

3.9 

4.2 

(+33.32 

0.1 

4 . 0  

4.0 

4.0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Data Pates: (3 0.63 AU a r r i v a l  486 KBPS 1944 KBPS 

@ 1.0 AU ( a r r i v a l  + 80 days) 193 772 

(3 1.59 AU ( a r r i v a l  + 160 days) 76.3 305.2 

(3 1 . 7 1  AU ( a r r i v a l  + 240 days) 66. 264 
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2 S 4tR (i) x x KTF x 
x B  67-54] - - 

GtGr 
Ls s 2 ( $ x ( F )  S x K T F x L x T h x M  

x Th x M (V=55) - -  P - Im 
B GtGr 

Equations V-50 - V-52 s ing le  out  the S/N requirement which is  re- 

la ted  t o  b i t  e r r o r  performance. 

satell i te ERP t o  data  bandwidth. 

Equations v-53 - v-55 r e l a t e s  

Where P = average spacecraf t  t ransmit ter  power 

Gt = t ransmit ters  antenna boresight gain 

Gr = receiving antenna boresight gain 

R = s l a n t  range (spacecraft t o  Earth) 

Ar = e f fec t ive  a rca  of receiving aperture,  G = 4WA / 2 e A  
A = carrier wavelength, (3.56 CUI @ 8448 M&) 
K = Bolt . constant,  1.38 x 10 
T = receiv. 10 system noise temperature (K 

-23 
0 

Lm = r a t i o  of modulation s ide  band power t o  c a r r i e r  power 

'YS 
L = composite system losses  typ ica l ly  includes antenna 

pointing losses ,  t r snsmi t te r  c i r c u i t  loss,  polar i -  
zation losses ,  recording and detect ion losses  

given probabi l i ty  of e r ro r  

S = required b i t  (Eb/No) s ignal  t o  noise leve l  for a 

Th = l i nk  threshold r a t i o s  where appl icable  

M = desired performance margin 

Data rates a t  a l t e r n a t e  power leve ls  can be inferred by taking 

the  r a t i o  below with no o ther  changes: 

REF % = Ptw/PmF x B 

where % = new data rate 

= new RF power value p'RF 
PREF = RF reference power, 100 w a t t  @ X-band 

BREF = reference data  rates from Table V-12 
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Generally, the required effective radiated power (product of space- 

craft transmitter power and antenna gain) can be inferred for the 

reference ranges according to the equation and table below in db 

values : 

ERP(db) = Bd(db) + BR(db) (V-56) 
where ERP = effective radiated power (db) 

Bd = data rate (BPS)(db) 

DR = multiplier value f r m  Table V-12 below 

Table V-12 DR Values for ERP Interference 

Earth-Venus Range (AU) 

0.63 
1.0 

1.59 

1.71 

5.37 
9-42 

13.62 
14.08 

Collected in Table V-13 are several representative antenna 

sizes, characteristics, and reference data rates which result. The 

antenna sizes shown resulted from radar and comnunications para- 
metric implementations. The data rates were derived based on 

Table V-11 and employing the differences in antenna gains and 
stated reference distances different from the basic range of 

I .A.U. 

points in the mission: arrival, arrival + 80 days, arrival + 160 
days, arrival + 240 days. 

The alternate distznces shown correspond to convenient 
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Comnunications Antenna Considerations - The requirement for 
colmnunications at X-band imposes more restrictive pointing require- 

ments than experienced by the Vikin, Orbiter mission. The combined 

spacecraft mus- orient the comnunications antenna to within its 

half-power beamwidth over the time required for high data rate 
relay. The basis for this study is to assule a spacecraft which 
is inertially oriented and which has on board computational capa- 
bility sufficient to orient an antenna toward earth. This capa- 
bility is found with the basic Viking Orbiter, but this paragraph 

will discuss the pointing requirements of the Venus mapping rela- 
tive to the present Viking Orbiter capability of approximately 
12.6 mrad (0.72 degree). 

Figure V-42 sumnarizes the antenna (parabolic) half-power 
beamwidth versus antenna diameter for typical high focal length to 

diameter ratios (i.e. 2 0 . 4 ) .  The solid line demonstrates the half- 
power beamwidth for A = 0.0356 m and an aperture distribution typi- 
cal o t  such antennas. HP 
0.83 A/D, even more restrictive), but represents typical aperture 
tapers employed in practice. The dotted line shows &he effect of 

an alternate aperture distribution which could be employed to 
broaden the beamwidth at the expense of loss in gain. 
tributions would nearly encompass reasonable candidates, 

This illumination is not fully uniform (e = 

These d i s -  

It is seen that the present Viking Orbiter capability just 
meets the requirement for the 3 meter antenna, and that the 4 

meter antenna cannot be oriented properly with the present Viking 

Orbiter. 
Attitude control analyses (Vol. 111, Section VI) have determined 

th-t the requirement of the 3 meter antenna can be met with small 
improvements to the current Viking Orbiter. Therefore, this size 

will be used as a reference size. The 4 meter antenna can be 
oriented by providing addi  t i m e ?  precision (such as an auxiliary 
control moment gyra subsystem) to most elements of the attitude 

control subsystem. 
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This discussion exposes the most critical subsystem interaction 

of the cmunication subsystem: antenna orientation through the 
attitude control subs);tem. The great performance flexibility 
available with larger antennas (r4 meter) are presented as per- 
formance enhancement options and are discussed in Volume 11, 
Section V. 

The antenna would probably be furlable which is c2t considered 

a problem based on available technology reports. 
fect on surface integrity is a consideration, certainly, but is 
not considered significant. Nominal comunications link analyses 

have incorporated losses which account for such degradations from 

nominal performance. 

The thermal ef- 

The articnlation control primary sensor would require an ab- 
solute shaft encoder or more prxise feedback potentiometer for 
sizes in excess of 3 meters (relative to the Viking Orbiter). 

Effective Radiated Power Considerations - Parametrically defined 
effective radiated power (Em) -s  most directly derived from re- 
quired relay rate, antenna availability, and transmitter power. 
ERP is usually defined as the product of transmitter radio frequency 
power and antenna maximum gain, In light of a spacecraft system 
study, it is convenient to relate the ERP requirement to derived 
dais bandwidth (i.e,, required relay rate). Thus the effects of 
data encoding, improved transmitter efficiency, and alternate 
antennas can be readily identified. Accordingly, this paragraph 

will present parametric ERP requirements relative to tae required 
data bandwidth of radar data only for the various mission strate- 

gies. 
mapping strategies of mapping 1:l (every orbit) and e = 0 . 5 ,  1:2 
(every second orbit) and e = 0.3, and 1:5 (every fifth orbit) 8nd 
P, = 0. 
C and A spacecraft are found in Section V, Volume I1 of this report. 
The derived powers are found in Figures V-41 through V-43. 

The data presented examines Configuration C for the reference 

More specific example implementations of both Configuration 
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v-112 

lo7=- 
- - 

I n -  + J -  
c, 5 x -  

n -  
- 

CIC 
w 

1:5 Strategy m 

P re fer red S pacec ra f t 
3 meter Antenna 
1 . 7 3  AU 
Data: Uncoded 

Coherent 
Maximum Presuming 

v , -------- - 0 -  ---- ERP - Occultation 
I - - -- -e .-- ERP - No Occultation lo6 - - - I - - 

c 

- 

," ---------- - - -0- Prime Power - Occultation 
I I f .  = - - - - .II - .I, 

~- - -g - - - - - - - - - - - ,  RF -!-I- Power - Cccultation 

- - -- -. - Prima Power - No Occultation 
- - - - 

100 

m 
t -  
!? 
.) 

a, 
c, 
I 1  

5 
c, la 

I y -  

n 

10 

- I i 
:- - -----a- RF Power - No Occulation 

- 

.-_I_ 1 I !..I 
Data Rate 1:5 - Occultation - 

I I - 
-. 

I Data Rate 1:5 - No Occultation 

- 
- 
- 
- 
- 



V-113 

Figure V-41, for example, shows that Con'iguration C in an 

orbit of 0.5 eccentricity mappicg every orbit over 180 degrees 

true anomaly would require approximately 80 watts of X-band power 
to relay uncoded coherent sata at 100 meter resoiution at mission 
end under peak occultation geometry with 3 meter antenna. For the 
same maximum distance, if the mission were designed to ignore the 

occultation period the derived average power for radar data would 
be approximately 37 watts for the same data. Further, for example, 
if it were desired to incorporate communications enhancement feature 
such as convolutional coding the channel symbol rate would double 

(rate 2,  convolutional code), but the spacecraft transmitter power 
would drop to approximately % of the original reference value. 
Comparisons between Configuration C and A are possible through the 

example designs of Volume 11, Section 'v, example spacecraft 

implementations. 

Communications Enhancement Tradeoffs with Channel Encodi3 - 
Channel encoding is attractive because it offers the capability to 
reduce required spacecraft transmitter power at little penalty t o  

the Spacecraft for an encoder. 
ground station where generally it would imply a lower cost impact 

than to a spacecraft. This discussion will not treat in detail 
the multitude of encoding aiid decoding strategiLs identified by 
the many contributions to the technology but will expose typical 

spacecraft advantages possible with encoding. 
relaxed power requirements on the spacecraft communications 

TWTAs is significant due to technology limits on TWTA power at 

X-band and the communication antenna size limitation (-3 meter 

f o r  Viking Orbiter class ACS) . 

The complexity is added to the 

This potential 
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The comparisons of  t h i s  paragraph are made on t h e  b :is or un- 

coded, coherent d e t e c t i o n ,  a r e p r e s e n t a t i v e  block code, and a t y p i -  

cal convolut ional  code a p p l i c a b l e  t o  space c m u n i c a t i o n s .  Data 

d e t e c t i o n  i s  based on th reshold  decoding f o r  t h e  block code, s o f t  

d e c i s i o n  V i t e r b i  and s e q u e n t i a l  decoding f o r  t h e  convolut ional  

code. The s tudy  i s  n o t  intended t o  select  a "best" code but 

simply demonstrate r e p r e s e n t a t i v e  performance b e n e f i t s  with 

channe 1 encod i n  g . 
Several  c h a r a c t e r i s t i c s  of an encoded channel m u s t  be considered 

i n  l i g h t  of t o t a l  system i n t e r a c t i o n s .  F i r s t ,  t h e  inc lus ion  o f  

encoding adds redundant,  a d d i t i o n a l  b i t s  t o  t h e  communications l i n k .  

That i s ,  t h e  d a t a  stream carries information b i t s  coding b i t s  

a t  a n e t  i n c r e a s e  i n  t h e  requi red  bandwidth of t h e  r e c e i v i n g  sta- 

t i o n .  This increased da td  s t v m  rate i s  c a l l e d  t h e  symbol r a t e  

s i n c e  f o r  coded data sever61 code b i t s  are relayed with each i n -  

formtition b i t ,  t h e  g r e a t e r  t h e  b e n e f i t  t o  t r a n s m i t t e r  power, and 

t h e  g r e a t e r  t h e  decoding problem. 

Sewnd,  s i n c e  t h e  der ived  d a t a  rates f o r  t h e  Venus mapper mission 

are r e l a t i v e l y  high (60-250 U P S  (and h i g h e r ) )  t h e r e  i s  an implied 

lover l i m i t  on coding ra te  ( i .e. ,  upper l i m i t  on symbol r a t e )  de te r -  

mined by t h e  DSN c a p a b i l i t y .  

i o  4 t h e  symbol ra te  i s  twice t h e  informat;-? rate.  
t h e  block code used with Mariners,  t h e  (3 31 ;c.le, i-'- coding 

r a t e  i s  6/32 
f o r  100 KBPS requi red  information rate. This  i s  i n  excess  of 

apparent  present  DSN upper symbol rate recept ion  l i m i L s  and wi th in  

t h e  next generat ion DSN Capabi:ity. Although i t  i s  not  ex- luded,  

t h i s  type code even with i t s  gLw! performance p o t e n t i a l  

overburden i ;.c DSN s i g n i f i c a n t l y  f o r  t y p i c a l  r a d a r  map-c.: d a t a  

r a t e s .  

mission example codes a.re kept  t o  a s h o r t  c o n s t r a i n t  1en::th and 

coding rate around %, a r b i t r a r i l y .  The s h o r t  c o n s t r a i n t  l ength  

For example, r'or a codirig rate equal  

Note t h a t  f o r  

.187. This  impl ies  a symbol b i t  rate of 534 KDPS 

uld 

I n  l l , t i t  of  t h e  der ived high d a t a  rates of Lhe Venus r a d a r  



v-115 

Uncoded 

Block Coded 

Convolutional - 
Viterbi Oecoding 

Convolutional - 
Sequential Decoding 

codes generally also imply the simplest decoding computation re- 

quirement, or the lesser impact on DSN data handling comp’,esity. 

The trends demonstrated by Figure V-44 can be suumarized as 
follows. At the probability of error level :he example block 

code wuld allow a po-ver reduction of 1.58 (1.9 db), and 2.2, 

(2.8 db) for the K=7 rate f convolutional code. 
ra.e, longer frame length block codes zpproach the performance of 

the higher COO.. rate convolutional codes, but the symbol rates 

Now, lower coding 

auld be higher. The best convolutional decoding strategy is 

sequential as shown by the figure but it is the most complex ac3 

limited dccoder with present technology. 

Table V-14 below sunmarizes a relative assessment of the 

coding tradecffs . 
Table V-14 Coding Comparison Assessment x i x  

Reference 

Modest 

Good 

Best 

Spacecraft 
Power Gain I Detectlon Scheme I Detection, Channel 

Decoding S,Vmbol Rate 
Comp lexi t y 

Ref erence 

Minimal 

Nod era t e 

Unknown, 
Highest 

- Impact 

Least 

Worst 

Nod erat e 

Moderate 

Risk 

Least 

Minimal 

Moderate 

Most 
-- 

The recommended approach for maximum benefit is a code such 

as the convolutional code with either Viterbi or sequential de- 

coding. 
ing a multiple mission sequential convolutional decoder would be 
par .L -*ularly applicable to this mission. 

data rate f r r  tile advanced engineering model were :.I tte order of 

121 cd.. for a rate f, short constraint length zonvc3utional code. 

It is noted that previous work sponsored by JPL address- 

A recomendaa maximum 
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These codes should provide the best performance enhancement at 
high coding efficienc) (high code rates). 

should be employed with as high a code rate as practical. 

code rates are required due to the already high data race require- 

ments for the typical mission. 

As a minimum block code 
High 

Deep Space Network Considerations - The three grwnd stations 
of the Deep Space Network (DSN) employing the 64 ric *.. articulated 

antennas will be required to support a radar mapFm: s,;sion to 
Venus. Those 64 m stations currently existing (Goldstone, Canberra, 
Madrid) would further require an X-band ( ~ 8 4 4 8  EMz) carrier re- 

ception capability. 
tive mission could be performed with the curren: station maximum 

data rate capability (-250 KBPS) and that the mission science 
return would be considerably enhanced by employing data rates 
within projected (Mark IV) next generation DSN bandwidth capability 
( -2500 KBPS). 

addressed a) current and projected DSN status; b) on line compu- 
tation and operational support; c) off  line computation and suppzrt; 

d) Earth and Venus cclmnunication view window phasing. 

The study has denonstrated that a very effec- 

This paragraph will surrmarize investigations that 

The salient characteristics of the DSN implied by the require- 

mentr of the Venus radar mapping mission are s-mmarized in Table 
V-15. The table compares the key requirements interacting with the 

DSN with expected DSN capability. 

Those features which should be incorporated to realize the full 
science potential of t5e Venus radar mapping mission are: 

1 )  

2 )  provision of wiae band (to 2500 KHz) data baseband; 

3) 

provision of X-band carrier reception and demodulation; 

provision of high data rate corivolutLona1 decoding 
to macch the 200-250 KBFS typical reqsiired data rates 
from Venus; 
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4) provision of increased and vide bandwidth ground 

5 )  provision of a wide band intra-station data relay 

6 )  creation of a dedicated synthetic aperture radar data 

station, on-site data recording capability; 

system; 

reduction facility. 

It is our assessment that the performance of an effective mission 
is possible with just the incorporation of the X-band carrier 

reception capability at data rates (uncoded data) up to the cur- 
rent 250 KBPS limit and matching on-site recording. 
reduction could be accomplished at distributed subcontractor sites. 

Data redaction for the preferred mission approach of teleme- 

Final data 

tering averaged radar deta f r m  the spacecraft would employ image 
formation (focusing, compression) on the Earth. 

Further study is necessary to determine whether the most ef- 
fective SAR data reduction i. DY optical or digital implementations. 

Initial assesmats based on the swath widths and resolution typi- 
- tal to this mission (viz 13 km < swath width C 100 km, pr = pa - 

100 m) indicate that digital data compression is feasible. This 
would imply dedicated processing equipment due to the volume of data 
involved. 
tory should be further examined for application to this mission as 
well as established SAR data reduction sites within DOD and private 
industry (re: U.S. &my Map Service, Environmental Research Insti- 
tute of Michigan, et al). 

The Jet Propulsion LaboraLory ' s  Image Processing Labora- 

On line data reduction is mainly concerned with the demodula- 
tion of the data stream from the carrier and decoding encoded data. 

Based on the typical data rates derived for the Venus radar 

mapping mission, uncoded data could be accommodated by current 
equipment operating at full cqacity but coded data would require 

Lpdated or new baseband equipment. 
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On line processing could include "quick-look" processing of a 
sewent of data relayed during a mapping cycle. 

accomplished digitally with the image being displayed on a cathode 

ray tube (CRT). 
tion based on actual findings and performance integrity monitoring. 

The bulk of data processing for the missior, would occur on a 

This could be 

Such capability would permit ;tratesy modifica- 

non-real time, off line basis; this is the full reconstruction of 
the radar images. In addition to coiqdting the spatial frequency 

transform of the raw data received over the telemetry link, all 
the various corrections and image rectification is also accom- 
plished at this phase. 

A list of the corrections and rectification activities required 
for the reduction of radar images following the basic focusing and 
frequency transform processing are: 

1) slant-range/ground-range conversion 
2) planet curvature correction 
3)  dynamic range normalization 
&) aspect ratio correspondance: correction for scale 

differences in range and azimuth 

5 )  correction to true orthographic ccrrespondance 
6 )  correction for orbital relative velocity (doppler) 

effects 
7) distortion corrections for time base nonlinearities. 

Several of these (2,  3,  5, 7) are coomon to the traditional 

The others are unique to planet surface sensing by TV imagery. 
side looking radar requiring a dedicated processlag facility. 
Further study would determine the applicability of the SAFt map 

analysis facilities already existing for such grccps at the U. S. 
Army Map Service and U. S. Geological Survey, and others which 
could be determined. 

The correspondence of Deep Space Network ground station view 

windows to Venus to orbital camnunication windows in Venus orbit 
were exarcined t o  determine the need for ground station operat.ia;w, 
programing to avoia loss of data due to timeline p!asing. 
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This  s imulat ion capab i l i t y  permits t he  propagation of  o r b i t a l  

time l i n e s  throughout the  e n t i r e  250 day mission on an o r b i t  by 

o r b i t  basis t o  determine t imel ine correspondence. The s imulat ion 

was used t o  provide a histogram of comnunications coverage versus 

sample mapping s t r a t e g i e s  of: a )  map every o r b i t  a t  e = 0.5, b) 
map every second o r b i t  a t  e = 0.3, and c )  map every f i f t h  o r b i t  a t  

e = 0 ,  us ing  typ ica l  o r b i t a l  t imel ines  during per iods OL peak 

Earth occul ta t ion .  

Typical r e s u l t s  of t h i s  s imulat ion are s m a r i z e d  i n  Figure 

V-45 where the  " t o t a l  nours f o r  communications" is the  summation of 

the  t o t a l  p o t e n t i a l  time f o r  comnunications from Venus (under 

assumptions of maximum e a r t h  occul ta t ion ;  worst case) .  This 

e s t ab l i shes  the  higher  e c c e n t r i c i t i e s  as exh ib i t i ng  the  most time 

f o r  da ta  re lay.  This i s  due t o  the  f a c t  t h a t  t he  higher eccen- 

t r i c i t y  o r b i t s  are occul ted from e a r t h  the  l e a s t .  The t o t a l  

hours of j o i n t  viewing by Venusian and Earth antennas are catalogued 

i n  hours and d i s t r i b u t e d  among the  th ree  ground s t a t i o n s  j o i n t l y ,  

and i n  p a i r s  i n  the  i i g u r e .  The a v a i l a b i l i t y  of j o i n t  ground sta- 

t i o n  t racking  is s i g n i f i c a n t  i n  t h a t  redundant recept ion o f  da ta  

i s  achieved and the  opportunity f o r  long base l ine  in te r fe rometr ic  

o r b i t a l  t rack ing  is  poss ib le  f o r  a l a rge  amount of t h i s  t i m e .  There 

i s  no simultaneous viewing by Madrid and Canberra s t a t i o n s  due t o  

t h e i r  re la t iJe  loca t ion  on Earth. The hours labeled " l o s t "  s i g n i f y  

t h e  ex ten t  of time t h a t  no s t a t i o n  was i n  view of the  spacecraf t  

during i t s  n m i n a l  geometric opportuni ty  t o  communicate. This 

would be avoided i n  the  mission by proper ground s t a t i o n  program- 

ing o r  poss ib le  redundant r e l a y  of the da ta  during +:le shor t  

per iods of t he  mission experiencing t h i s  c h a r a c t e r i s t i c .  I n  t h i s  

s imulat ion the  e f f e c t  i s  s l i g h t l y  exaggerated due t o  the  u t i l i -  

za t ion  of peak e a r t h  occu l t a t ion  t imel ine  c h a r a c t e r i s t i c s  but is 

cha rac t e r i s t i c .  
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Signal  Acquis i t ion  a t  Earth - The telecommunications l i n k  must 

be designed with s u f f i c i e n t  margin a t  mission end t o  a s s u r e  t h a t  

coherent s i g n a l  a c q u i s i t i o n  is B minimum problem. Nominal lockup 

time of 0.1 h r  p l u s  t h e  two-way propagat io9 de lay  a t  1 . 7 1  AU cr 

maximum Earth-Venus range was assumed f o r  t h i s  study. The 250 

day mission experiences Earth-Venus ranges from 0.63 t o  1 . 7 1  AU 

for n e a r l y  a l l  launch oppor tuni t ies .  

Although most of t h e  required average d a t a  o r  symbol rates of 

t h e  Venus mapper mission are above precedents  set  by p a s t  deep 

space mission, t h e  a c q u i s i t i o n  time a l l o c a t i o n s  are s u b s t a n t i a t e d  

by e x t r a p o l a t i o n s  of t h e  fol lowing excerp ts  from t h e  Deep Space 

Network Applicat ions Manual (JPL 810-5, Rev. C) .  The re ference  

Figures  V-46 and V-48 are shown f o r  block coded and uncoded d a t a  

s i n c e  t h e r e  c u r r e n t l y  is n o t  a precedent wi th in  t h e  DSN f o r  con- 

v o l u t i o n a l  decoding a t  d a t a  rates i n  excess of two  k i l o b i t s  per  

second. 

and o t h e r s  have e s t a b l i s h e d  t h e  f e a s i b i l i t y  of convolut ional  

coding w i t h  V i t e r b i  decoding a t  high d a t a  rates u s i n g  s h o r t  

c o n s t r a i n t  l ength  codes, soft decis ion  l o g i c ,  etc. 

Advanced technology s t u d i e s  by Jet  Propulsion Laboratory 

Figure V-46 p r e s e n t s  c u r r e n t  publ ished DSN te lemet ry  equip- 

ment c a p a b i l i t y  (viz .  symbol synchronizat ion assembly, SSA) with 

uncoded da ta .  S i g n i f i c a n t  lowering of lock-up time i s  achievable  

as shown witn t h e  wide d a t a  bandwidth c h a r a c t e r i s t i c  of t h e  Venus 

mapper mission. Figure V-47 shows a c q u i s i t i o n  times t y p i c a l  t o  

t h e  (32, 6 )  block code of Mariner a p p l i c a t i o n .  

Presented i n  Figure V-48 are c m p o s i t e  s i g n a l  a c q u i s i t i o n  

times f o r  s e q u e n t i a l  decoding of convolut ional  coded data. The 

s u b c a r r i e r  demodulation assembly does n o t  impact t h e  a c q u i s i t i o n  

t i m e  f o r  t h e  Venus mapper mission as i n d i c a t e d  by Figures  V-40 
through V-42. 
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IO 

Figure V-46 Acyisition Times (0.99 Probability) for SSA on Uncoded Data 

Figure V-47 Composite SSA and BDA Acqufsition for (32, 6) Block Code Data 
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Figure V-50 Composite SSA and DDA Acquisit ion on Convolutional Data (Sequential Decoding) 
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C O N d U S I O N S  AND RECOMMENDATIONS 

Derived requirements established parametrically, several con- 

clusive observations and collected recommendations can be made. 

,'oremost, there are many approaches to the missior? which appear 
entirely feasible for data management and comnunications. 

approaches employ subsystem characteristics which have been 

assessed to be reasonable and effective and are dekeloped in 

Volume I1 Section V. 

These 

The reconmer-led radar data processing is a multimode presrmmer 

for azimuth (doppler) data, and direct sampling of range channel 

data. 

resolution with the least impact to the data link and spacecraft 

cost and complexity. 

100 meters, with 33 meters selectable, 
doing less averaging of azimuth data and relaying more data to Earth 

for later processing. 

100 meter (ground range) with 33 meter selectable. 
sible without major impact to spacecraft design. 

well matched to technology and is not a concern. 

ed that further study and development of a mixed inteyrstion pro- 

cessor for a spacecraft be done. In current techno'ogy, this is 

The multimode presunuaer prwides the best image quality and 

kcomended resolution in azimuth is nominally 

This is achieved simply by 

RecoPmended range resolution is a nominal 
This is pos- 

A presumtner is 
It is recornanend- 

thought to be a risky iter 'ut deserves further study be. its 

pc mtial image quality is oest unless all raw data were relayel 

f r x  the spacecraft, which is impossible. 
The required data rate to Earth should be maintained below 

approLimately 250 UPS so that sufficient margin at the DSN is 

available for relay of higher resolution data without exceeding the 

projected upper data rate limit (-2500 KBFS). If the increased 

data rates are not availablc to the DSN, then missLon Ptrategies 

should maintain bit 0, symbol rates to the current 256 &BPS value. 
The Configuration C spacecraft can maintain required data rate8 for 
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LOO meter resolution data well below 250 kbps except at lower 
(c 0.25) eccentricities when mapping every orbit, and is recom- 

mended. 
data rates and is not recommended. 

The configuration A spacecraft generally required higher 

An X-band communications frequency is required for nominal 
100 meter or better resolution data to maintain feasible RF power 
and good mLssion flexibility within the limits on antenna size 
which are determined by attitude pointing precision, 

fcr approaches employing rinimal changes to the V i k i n g  Orbiter 
attitude control concept, a coded data channel is recommended to 

assure that RF power can be met with current TWTA technology. 
most desirable code is a high rate efficient code such as con- 

volutional code of short constraint length. Overall, the c m -  

municatiori link for the relay of 100 meter data throughout a 

tyb -a1 d s ; i o n  is not a concern if X-band is avaiiable. 
;“iC “ i t h  ?nwer in excess of -*40 watts has not been &Dace quali- 

,‘eu ;,.LC sppears available through a qualification program. 

In addition, 

The 

The 

& s s  storage should be reusable and able to tolerate the ther- 

n ~ l ,  radiation, and long life characteristics without excessive 
impact to weight and complexity. 
digital mzgnetic tape systems ap’pear to fully meet such critcria. 
In particular the recorder system of thc Viking Orbiter (z1300 

Mbits) meets the typical required capacity of from 1000 to 3000 

Mbits. 
through their storage capacity is the highest since they are not 

reusable. 
relatively short life and the film ’ s  quite sensitive to thermal 
and radiation deviation. Both ndss memory approaches experience 

the electromechanical drive reliability questions. 

replacement fo r  the digital magnetic tape technology :s the 

developmental magnetic bubble system and should be monitored 
for application to this mission. 

Already existing or identified 

Film (analog) systems are excessive for this mission even 

The automatic film develop z s  are complex and have a 

A likely 
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If a single antenna spacecraft is used there is a concern that 

the antenna possess sufficient bandwidth and efficiency for com- 

munications at X-band. For the reconmended configuration, the 
concern with the comnunication antenna is the attitude control 

precision which determint '-%e upper limit on antenna s i z e  and 
corresponding minimum beenwidth. 
can be oriented with relatively mhor improvements to the Viking 
Orbiter basic system, however. The orientation of antennas of 
-3.5 m or larger require significant additional precision over the 

Viking Orbiter possibly including active radio frequency inter- 

ferometric devices. 

The reconmended 3 meter antenna 

Therefore, the data rate through the communications link is a 

key design characteristic, and ultimately, a major factor limiting 
final image resolution and quality, but is nut a concern for Tost 
approaches retrieving 100 meter resolution data with the reconmended 
Configuration C spacecraft. 
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~ 

o Previous SSD and JPL s t u d y  d a t a  to  be csed as b a s i c  r e f e r e n c e  
data.  

o Mission i n  mid t o  l a t e  1980's. 

o Mission sc i ence  requirements  have f i r s t  p r i o r i t y .  

o Viking/Mariner class s p a c e c r a f t  is b a s i c  d e s i g n  c o n s i d e r a t i o n  
with advanced s p a c e c r a f t  concepts  considered where appropr i a t e .  

o Low c o s t  missions t o  be prime cons ide ra t ion .  

o Consider e x i s t h g  and new technology as  appropr i a t e .  

o Coverage and r e s o l u t i o n  (minirmm). 

807, of s u r f a c e  a t  1 k.m r e s o l u t i o n .  

202 of  s t i r face a t  100 m r e s o l u t i o n .  

VI. SPACCCRAfT SYSTEMS 

INTRODUCTION .'!NO ASSUMDTI ONS 

The b a s i c  o b j e c t i v e  o f  t h z  s p a c e c r a f t  s y s t e m s  parametr ic  s t u d i e s  

i s  t o  d e f i n e  t h e  major subsystem i n t e r a c t i o n s  and c o n s t r a i n t s  r a t h e r  

than t o  opt imize s p a c e c r a f t  des igns  f o r  a s p e c i f i c  se t  o f  mission re- 

quirements. An a n c i l l a r y  o b j e c t i v e  o f  each of  t h e  i n d i v i d u a l  subsys- 

t e m  s t u d i e s  i s  t o  u t i l i z e  e x i s t i n g  s p a c e c r a f t  components wherever 

p o s s i b l e  i n  o rde r  t o  minimize t o t a l  program c o s t s .  Wherever appro?- 

r i a t e  du r ing  t h e  cour se  o f  t h e  study e x t e n r i v e  u s e  is made of p rev ious  

s t u d i e s  such as t h e  SSD pre l imina ry  f e a s i b i l i t y  s t u d y  and t h e  JPI. 

r a d a r  system stcdy. 

A t  t he  beginning of t h e  parametr ic  s tudy e f f o r t ,  a series o f  ground 

r u l e s  w a s  mutually agreed upon by t h e  MMC study team and by t h e  SSD. 

These ground r u l e s  are s u w a r i z e d  i n  Table V I - 1 .  Also,  as p re l imina ry  

r e s u l t s  of t h e  study began t o  develop, a series o f  s tudy  generated 

ground r u l e s  evolved. These ground r u l e s  are shown i n  Table VI-2. 

Table VI-1 SSD Study Directed Ground Rules 

4 
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Table V I 4  MMC 3erived Study Ground Rules 

I o Titan TII/Centaur basic launch vehicle.  

o Shutt le  launch vehic le  performance t o  be compared with Ti tan 

o Minimally modified Viking Orbi ter  t o  be basel ine spacecraf t  

o Orbi ta l  e c c e n t r i c i t i e s  between 0.20 and 0.50 considered. 

III/Centaur and evaluated. 

design. 

I 
STUDY APPROACH 

The Venus radar  mapping mission i s  one of the  more complex unman- 

ned planetary missions t h a t  has been consf ?red to date.  The la rge  

a r ray  of mission modes and system opt ions ava i lab le  f o r  considerat ion 

produce a v-ry la rge  number of po ten t i a l  mission/systan approaches 

t h a t  a r e  worthy of invest igat ion.  This requires  t h a t  the  study ap- 

proach be designed t o  provide ea r ly  d e f i n i t i o n  of the  many po ten t i a l  

mission/system approacl-es and a means for cons is ten t  screening and 

evaluat ion of a l t e r n a t e s  t o  a r r i v e  a t  the most promising concepts 

f o r  fur ther  de ta i led  analysis.  

The overa l l  study plan i s  shown i n  Figure VI -1 .  The general  

approach i n  performing the study i s  t o  f i r s t  e s t ab l i sh  a nominal 

basel ine mission p r o f i l e  t h a t  i s  r e l a t i v e l y  simple but t h a t  s t i l l  

enbodits a l l  of the  e s s e n t i a l  mission sequences. 

allows us t o  tes t  parametr ical ly  the  s e n s i t i v i t y  of the c r i t i c a l  par- 

ameters; such as o r b i t a l  eccen t r i c i ty ,  radar  frequency, coverage and 

r’solution, power, thermal cont ro l ,  mission r i s k ,  and systems cos t  

and complexity, t o  the  var ious mission options t h a t  a r e  ava i lab le  t o  

us. Analyses are the3 made of the  individual  elements of the  mission 

design *.L pre l iminar i ly  iden t i fy  a range of design requirements t h a t  

wou ld  he evaluated i n  the subsystem trade s tudies .  I n  configuring 

This approach 
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t h e  ind iv idua l  subsystems, the  approach used i s  t o  imploy e x i s t i n g  

q u a l i f i e d  systems and hardware from programs a l ready  i n  being o r  

i n  t h e  planning s tage ,  .,:herever f e a s i o l e ,  and t h e  Viking systems i n  

p a r t i c u l a r .  Completion of t h e  ind iv idua l  subsystem parametr ic  anal-  

yses ,  allows a s p a c e c r a f t  conf igura t ion  t o  be developed which allows 

s p a c e c r a f t  i n t e g r a t i o n  problems t o  be i d e n t i f i e d  and solved. 

In  a l l ,  twenty-six combinations I f frequency, mapping s t r a t e g y ,  

e c c e n t r i c i t y  and antenna des ign  have been considered with v a r i o u s  

s p a c e c r a f t  concepts and t h e s e  f a l l  i n t o  t h e  f i v e  c a t e g o r i e s  shown 

i n  Figure V I - 1 .  A s  discussed more f u l l y  i n  Sect ion V I I ,  t h e  shared 

parabol ic ,  dedicated concept with t h e  l a r g e  conununirations antenna, 

and t h e  o u t e r  p l a n e t s  s p a c e c r a f t  were de-emphasized. The remaining 

two concepts have been c a r r i e d  through t h e  s tudy and expandea a s  re- 

quired t o  develop an acceptab le  mission. 

This s e c t i o n  summarizes t h e  parametr ic  t r a d e  s t u d i e s  t h a t  were 

conducted i n  t h e  propuls ion,  power, thermal c o n t r o l ,  and a t t i t u d e  

c o n t r o l  subsystem areas .  Spacecraf t  design trade s t u d i e s  a r e  d i s -  

cussed i n  Sect ion VII. 

PARAMETRIC STUDIES 

Propulsion Parametric Studies 

,The propuls ion opt ions  t h a t  have been considered f o r  use  in  

s a t i s f y i n g  t h e  Venus o r b i t  i n s e r t i o n  and f i x e d  excess d e l t a  V re- 
quirements are shown i n  Table VI-3. 
t i s t i n g  systems, t h e  f o u r t h  is a combination of e x i s t i n g  systems 

and is i n  t h e  development s tage .  

The f i r s t  t h r e e  opt ions  are 

The r a t i o n a l e  f o r  s e l e c t i n g  t h e  f i r s t  t h r e e  opt ions  of Table 

VI-3 is t h e  p o t e n t i a l  program c o s t  savings t h a t  could be achieved 

by using f l i g h t  q u a l i f i e d  e x i s t i n g  propuls ion systems. An a n c i l -  

lary cons idera t ion  is t h e  f a c t  t h a t  p re l iminary  s t u d i e s  have ind i -  

cated t h a t  t h e  v e h i c l e  payload requirements are such t h a t  t h e  g r e a t e r  
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capability of the advanced high energy system, such as the space 

storable s y s t m  are not required. 

Table VI-3 Propulsion System Trade Studies 

0 

0 

0 

0 

0 

Basic Viking Orbiter propulsion system 

Stretched Viking Orbiter 

%70 tank! Lwo engine 

Four tank/t;wo engine 

LM Ascent Propulsion System 
LM Ascent Engine with Viking Orbiter Propulsion System 

Two tank configuration 

Four tank configuration 

Space Storable Propellant with Vikiw, Orbiter Pro- 
pulsion System 

The baseline mission assumed for  the parametric studies is the 

1983 Type I trajectory, combined with Venus orbital eccentricities 
between 0.2 and 0.5 

In addition t o  the orbit insertion delta velocity rrquirements 

an additional fixed excess delta velocity requirement of 250 mps 

is used. For study purposes this fixed excess velocity reqcirement 

has been allocated as shown in Table VI-4. 

Table VI-4 Fixed Excess A V  Allocation 

Midcourse Corrections 20 mps 

Finite Burn Losses 100 mps 

Navigation Uncertaintics 100 mps 
Orbital Trims 30 mps 

Total 250 mps 
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The 100 mps value for the finite burn losses is an estimated 

value. Additional studies conducted during the second phase of 
the study indicated that finite burn losses could be as large as 

400 mps, depending upon the magnitude of certain spacecraft par- 
ameters, such as ini-tial weight, thrustlweight ratio and number of 

engines. Results of these studies are presented in Section I11 of 
this volume. 

Table VI-5 summarizes the equstions that have been used for 
determining the inert propulsion weight of each of the propulsion 
systems that are being studied. These inert weights are expressed 
as a function of propellant requirements. 

Table VI-5 Propulsion System I n e r t  Weights 

Propulsion System Propellant Inert Weight (kg) SF,.;ific 
(Xl) + (XK2) (Propellant) Impulse (sec) 

-. 
Viking Orbiter 
Two Tank/Two Engine 54 kg + 0.129 (Propellant) 286 
Four Tank/Two Engine 102 kg + 0.117 (Propellant) 2 86 

LM Ascent 132 kg + 0.174 (Propellant) 310.5 
Modified LM Ascent 
Two Tank 130 kg + 0.123 (Propellant) 310.5 
Four Tank 201 kg + 0.111 (Propellant) 310.5 

Space Storable 57 kg + 0.145 (Propellant) 383 

The final actual in orbit weight is a function of the total 

delta velocity, propellant inert constants, and the desired useful 

weight in orbit and i s  calculated by the following equation: 
A v  

= (Wuseful + 'or bi t a1 / (1.0 + X K ~  e (VI-1) 
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where: XK i s  t h e  cons tan t  i n  t h e  p r o p e l l a n t  fner t  rqiiation cf 1 
Table VI-5. 

XK i s  t h e  p r o p e l l a n t  i n e r t  equat ion of: Table VI-5 
? 

i s  t h e  d e s i r e d  u s e f u l  weight i n  o r b i t .  'useful 
A V  i s  t h e  t o t a l  A V  requi red  f o r  t h e  miss!-on. 

- 3  2 
g i s  the  E a r t h ' s  g r a v i t y  va lue  (9.78 x 10 

I i s  t h e  s p e c i f i c  impulse of che engine (sec) 
SP 

kmlsec ) 

The i n i t i a l  s p a c e c r a f t  weight,  with i t s  p r o p e l l a n t  i s  d e t e r -  

mined by t h e  fol lowing equation: 

A V  

' i n i t i a l  = 'orbi ta l  x e%p 

(VI-2) 

The s p a c e c r a f t  p r o p e l l a n t  reqcirements  are then simply t h e  

d i f f e r e n c e  between t h e  i n i t i a l  s p a c e c r a f t  weight determined by 

equat ion (2) and t h e  a c t u a l  q a c e c r a f t  v e i g h t  i n  o r b i t  c a l c u l a t e d  

from equat ion (1). 

St re tched  v e r s i o n s  of t h e  b a s i c  Viking O r b i t e r  propuls ion sys- 

tems have been s tudied  up to  groi:ths 0: 30 percent .  

ments g r e a t e r  than 50 percent  n e c e s s i t a t e  f o u r  tank conf igura t ions .  

This arrangement i s  requi red  i n  order : 'J maintain acceptPhle  c e n t e r  

of g r a v i t y  l o c a t i o n s  i n  t h e  1aunc:t c o n f i g u r a t i o n  and t o  3void en- 

croaching i n t o  t h e  launch v e h i c l e  dynamic envelope. Two 1330 n t  

t h r u s t  engines  are used in order  t o  a l low a f ixed  a t t i t u d e  burn 

and not  to  exceed t h e  al lowable engine burn. time. Figure VI-2 

p r e s e n t s  t h e  p r o p e l l a n t  requirements a s  a percentage of change t o  

t h e  Viking O r b i t e r  propuls ion  system f o r  e c c e n t r i c i t i e s  between 

0 . 2  and 0 .5 .  

considered (800 kg, 900 kg, and 1000 kg). Also shown a r e  t h e  pro- 

p e l l a n t  requirements i f  t h e  maximum u s e f u l  s p a c e c r a f t  weight i s  

place;: i n t o  o r b i t  ( l i m i t e d  by t h e  TIIIE/Centaur '  s c a p a b i l i t y  of 

i n j e c t ,  ig 3113 kg spacecraf t ) .  

p e l l a n t  i n e r t  weight s h i f t s  when t h e  50 percent  i n c r e a s e  l i m i t  

Growth requi re -  

Three cons tan t  useful s p a c e c r a f t  weights i n  o r b i t  were 

As  shown i n  Figure VI-2 t h e  p r - .  
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( tb  tank)  i s  reached. A t  t h i s  p o i n t  t h e  a d d i t i o n a l  p r o p e l l a n t  

i n e r t  weight of t he  fou r  tank  c o n f i g u r a t i o n  y i e l d s  a d i s c o n t i n u i t y  

i n  the  propellanL requ i r ed  curves s i n c e  a d d i t i o n a l  p rope l l ane  i s  

required j u s t  t o  c a r r y  t h e  a d d i t i o n a l  propellan: i n e r t  weights. 

Studies  were a l s o  conducted usi:ig the  LM a s c e n t  p ropu l s ion  sys- 

tern Since t h i s  system i s  a man-rated system i t  i s  t h e  h e a v i e s t  

system f o r  equ iva len t  p r o p e l l a n t  requirements of all t h e  consider- 

ed systems. For t h i s  reason t h i s  concept has  been e l imina ted  from 

f u r t h e r  study cons ide ra t ion .  

In  311 at tempt  t o  reduce t h e  e x c e s s i v e  i ?er t  weight a s s o c i a t e d  

wi th  t h e  IM ascen t  p ropu l s ion  system a hybrid sys t e -  comprised of 

t h e  LM osce:t engine (having a t h r u s t  l e v e l  of 15550 N t  and an I 

of 32r.j.5) and Vihing O r b i t e r  type tanks w a s  considered. AlthouJh 

some i n c r e a s e  i n  performance is obtained t h h  concept h a s  beer, 

e l imiqated from cons ide ra t ion  i n  view o f  t h e  d i f f i c u l t  packaging 

problems presented by t h e  r e l a t i v e l y  l a r g e  s i z e  o f  t h e  LM a s c e n t  

engine. 

SP 

A f i n a l  systent u t i l i z i n g  space s t o r a b l e  p r o p e l l a n t s  i s  consider- 

ed. The a p p l i c a t i o n  of  a high energy space s t o r a b l e  p ropu l s ion  sys- 

t e m  r e s u l t s  i n  inc reased  v e h i c l e  performance which su rpasses  t h a t  of  

t h e  e a r t h  s t o r a b l e  p r o p z l l a n t  systems t h a t  nave been C,,dmined. 

earth s t o r a b l e  p r o p e l l a n t  systems t h a t  were s t u d i e d  a r e  cha rac t e r -  

ized by hjgh bulk d e n s i t i e s ,  (1200 kg/cm ) and l o w  s p e c i f i c  impulse 

(280 s e e . ) .  The space s t o r a b l e s ,  on t h e  o t h e r  hand, are cha rac t e r -  

i zed  by moderately high s p e c i f i c  impulse, (383 sec)  and high bulk 

d e n s i t i e s  (1280 Kg/crn ). 

The 

3 

3 

I n v e s t i g a t i o n s  by JPL conducted over  t he  last s e v e r a l  years have 

revealed seve ra l  promising space s t o r a b l e  p r o p e l l a n t  propuls ion sys- 

tems. The combinations t h a t  were considered are shown 511 Table VI-6. 
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Table VI-6 Candidate Space Storable Propellant Combinations 

o 

o 

o Flax/Fbnomethylhydrazine (FLiX/CN H 

o Flox/Hethane (FLDX/CH4) 

o Flox/Light Hydro Carbons (Ethane, Ethylene & Propane) 

Fluorine/ Hydrazine ( F2/X2 H4) 

Oxygen Difluoride/Diborane (CF /B H ) 
2 2 6  

2 6) 

Of these propellants, fluorine/hydrazine was  chosen by JPL for 

further in depth system study because of its inherent superior sys- 

tem performance, operational flexibility, axxi state of system devel- 

opment. 

rently developing for use on unmanned planetary spacccrafL in the 

post 1977 t h e  period is a pressure fed system. 

dual mode concept operating in the full thrust (2670 Nt, 583 sec I ) 

bipropellant mode for large maneuvers, such as orbit insertion or 

plane changes and in the low thrust (665 Nt, 235 sec I ) mnopr3- 

pellant mode for midcourse maneuvers or orbit trims. 

presents a schematic of the F /N H 
pres- tly studying. 

The iluorine/hydrazine propulsior! system that JPL is cur- 

The engine is a 

SP 

SP 
Figure VI-3 

propulsion system that JPL is 2 2 4  

Figures V I - 4  through VI-6 present the propellant requirements 

as a percentage of change to the Viking Orbiter propulsion system 

for eccentricities between 0.2 and 0.5% €or the IM ascent propulsion 
system, modified LM propulsion system and the space storable con- 
cept respectively. 

The results of the propvlsion paramecric studies indicate tha- 

two of the four options studied have potential application for the 

Venus Radar Mapper spacecraft. lhese are: the stretched Viking 
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Orbiter  concept and the  space s torage  system. 

made on t he  basis of minimum s y s t e m  i n e r t  mass, super ior  system 

performance c a p a b i l i t i e s  and minimum program costs .  

These se l ec t ions  are 

The s t re tched  Viking Orbi te r  concept has i t s  most e f f e c t i v e  

appi ica t ion  when o r b i t a l  e c c e n t r i c i t i e s  between 0.35 and 0.50 

are required. 

defined by an allowable Viking Orbi ter  propel lant  growth of 

approximately 10 percent. 

and VI-2) examined the  a p p l i c a b i l i t y  of "s t re tching" the present  

Viking Orbiter propulsion system t o  accomnodate a fu tu re  Viking 

mission. The results of t h i s  study indicated t h a t  growths up t o  

and including 10 percent could be accoarmodated with only a mini- 

mum modification t o  the  present  propulsion system. Growths from 

10 t o  approximately 40 percent  requi re  more extensive d e t a i l  de- 

s ign  rev is ions  but are s t i l l  e n t i r e l y  feas ib le .  Therefore, f o r  

purposes of ch is  parcmietric s tudy i t  w a ~  trssmed t h a t  growths of 

10 percent would def ine  the  lower l i m i t  of o r b i t a l  eccen t r i c i ty  

t h a t  would be considered as appl icable  f o r  a s t r e t ched  Viking Or- 

b i t e r  propulsion system t h a t  required mAnimum modifications.  For 

the  maximum s t re tched  o r b i t e r  (approximately 3G%) concept the  

allowable o r b i t a l  e c c e n t r i c i t y  can be assume(' t o  be approximately 

0.30. For o r b i t a l  e c c e n t r i c i t i e s  between 0.35 and 0.20, t he  

parametric s tud ie s  indicated t h a t  use of t he  space s t o r a b l e  pro- 

pe l l an t  concept was t he  most des i rab le  approach. 

The lower value of eccen t r i c i ty  (0.35) has been 

JPL i n  severa l  recent  s tud ie s  (Refs. VI-1 

Power Subsystem 

Preliminary evaluat ion of t he  Venus radar mapper requirements 

indicated t h a t  t he  power level t o  be supplied would be less than 

1 kw and i n  most configurat ions s tudied around 600 watts. 

VI-7 sMmariees She classical operat ing regions of eva i l ab le  power 

systems i n  tenns of power output and mission duration. Based upon 

the mission durat ion and the  power levels c i t ed ,  only two types of 

systens  need be considered as prime source candidates. 

s o l a r  cells and radioisotope thennoelectr ic  generators (RTGs) . 

Figure 

These are 
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Solar c e l l s  can be mounted on e i t h e r  r i g i d  o r  f l e x i b l e  arrays 

arranged t o  fold-out o r  ro l l -out .  Both types were considered. The 

r i g i d  a r r ays  u t i l i z i n g  Mariner technology produce spec i f i c  outputs  

near  Earth of around 22 wattslkg. 

s t r a t e s  y ie ld  spec i f i c  outputs  of approximately 48 t o  66 wattslkg. 

Arrays employing f l e x i b l e  sub- 

Several c e l l  and cover-glass concepts w e r e  evaluated. Fused 

s i l i c a  coverglasses equipped with a standard blue in te r fe rence  

f i l t e r  and f ront  surface a n L r e f l e c t i v e  coat ing have been se lec ted  

because a t  the Venus d i s t ance  from the  Sun t h e i r  performance COW 

pares  favorably with o the r  f i l t e r  types, as shown in reference VI-3. 

I n  the  decade e laps ing  before the  Venus radar mapping mission 

some improvement i n  s o l a r  ce l l  efficienc; may be expected. The 

e f f e c t  of t h i s  is demonstrated i n  Figure VI-8,  where outputs  of 

s o l a r  c e l l s  of th ree  d i f f e r e n t  e f f i c i e n c i e s  i s  shown. Eff ic ien-  

c i e s  shown are those obtained under s tandard condi t ions with sunl ight  

i n t e n s i t y  a t  1 AU and the  s o l a r  cel l  a t  28OC. 

are based upon e q u i l i b r i m  temperatures which w i l l  be a t t a ined  

by or ien ted  panels a t  corresponding AU dis tances .  

from 141 w a t t s / m  

t heo re t i ca l  maximum of 223 watts/cm . 

Power outputs  shown 

Output va r i e s  
2 a t  0.7 P:J f o r  t he  Mariner class panel up t o  a 

2 

RTGs evaluated ranged from the s ta te-of- the-ar t  SNAP-19 yield-  

ing  a s p e c i f i c  output of 2.2 wattslkg, to tne  advanced multi-hundred 

watt  concepts with s p e c i f i c  power ranging from 3.98 to 4.48 watts/ 

kg. Charac te r i s t ics  t f  th ree  advanced thermoelectr ic  generators 

a r e  tabulated in Table VI-7. 
Both nickel-cadmim and s i l v e r  cadmium b a t t e r i e s  were consider- 

ed as candidates f o r  supplying power during s o l a r  occul ta t ions .  L i f e  

cycle  da ta  f o r  t he  two types is displayed i n  Figure VI-9. 
ergy dens i ty  of s i l v e r  cadmim b a t t e r i e s  is twice (10 Wh/kg) t h a t  

of nickel cadmium b a t t e r i e s  (5 Wh/kg). 

s i l v e r  cadmium t.?ttory would be the  log ica l  contender f o r  t h i s  

appl ica t ion  s ince  only 500 y - l e s  of use are involved. However, 

t he re  has not  been enough space experience with the  design of c e l l  

The en- 

It would appear t ha t  the 
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t o  give su f f i c i en t  confidence f o r  i t s  se lec t ion .  

nickel-cadmium system, the  silver-cadmium c e l l  w i l l  t o l e r a t e  

only limited amounts of overcharge. Problems i n  c e l l  divergence 

when used i n  a ba t te ry  a r e  f a r  more severe than those encountered 

i n  the nickel-cadmium system because of the lack of tolej.dnce of 

overcharge and from the unpredic tab i l i ty  of placement i n  the  c h x g e  

cycle of the t r a n s i t i o n  between lower and upper vol tage plateaus.  

Advanced b a t t e r i e s  u t i l i z i n g  metal gas concepts were a l so  examined. 

Currert  development cont rac ts  may yie ld  designs which can be con- 

sidered fo r  appl ica t ion  a t  a la ter  date. 

Unlike the 

Table VI-7 Advanced Thermoelectric Generators 
~ ~ ~- - ~ 

I t e m  Multi-hundred Watt: Advanced Transi t  Isotopes Inc. 
(General E lec t r i c )  (Gulf General Atomic) (Teledyne) 

150.00 150.00 15C. 00 Power ( w a t t s )  

Efficiency (X) I Weight (kg) 
I 

6.48 5 . 5 0  6 .  30 

S i  G e  Stage 14.30 

2 N/TAGS Stage 12.10 I 
Heat Source 18.40 20.40  

Total 37.70 33.50 34.40  

Specific Power (w/kg) 3 .98  4.48 4.40 

J I 

In  making the se lec t ion  of a jystem i t s  in t eg ra t ion  with the 

Listed i n  T a b l e  VI-8 is a quali- vehicle  becomes of importance. 

t a t i v e  comparisozl between the  so l a r  array and RTG systems. 

addi t ion  t o  these,  mounting more than three  RTGs on the basel ine 

spacecraf t  would be d i f f i c u l t  from a s t ruc tu ra l  point  of view. 

Seven u n i t s  would be necessary t o  car ry  peak loads i f  b a t t e r i e s  -der€ 

not used. 

of carrying a continLous load of 600 watts, with peaks of 950 wat ts ,  

In 

Mass comparisons of the  two systems made on the bas i s  
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for  the  0 . 5  eccen t r i c i ty  reference o r b i t  a r e  shown i n  Figure VI-10. 
The f igure shows t’iat the  so l a r  array system i s  l i g h t e r  f o r  the 

durat ion of mission considered. The increase i n  mass with mission 

is due t o  allowances fo r  so l a r  c e l l  degradations and ba t t e ry  re- 

p lacemen t. 

The configuration selected fo r  study was obtained by usi;ig two 

of the four VO-75 subarrays and r e t a in ing  the two 30-AH-nickel 

cadmium ba t t e r i e s .  The se lec t ion  was made on the bas i s  of cos t  

e f fec t iveness  and cc fidence of performance. Since mass l i m i t s  

are not reached on the spacecraf t  i t  i s  not necessary t o  go t o  

the l i g h i e r  weight f l e x i b l e  arrays. 

Once the type of subsystem has been selected i t  i s  then neces- 

sary t o  e s t ab l i sh  the parametric re la t ionship  of i t s  elements. Des- 

cribed below i s  the development of so l a r  c e l l  da ta  for use i n  s i m -  

u l a t ion  studies. 

Table VI-8 Power System lntegrat ion Factors 

Factor 

Weight 

Volume 

Freedom of Location 

Shielding Required 

Atti tude Controi Requirement 

Spacecraft Maneuvering 

Prelaunch Handling 

Vulnerabili ty t o  Environment 

Solar Arrav 

Gcod 

Poor 

Average 

Good 

Poor 

Poor 

Good 

Poor 

RTG 

Poor 

Good 

Poor 

Poor 

Average 

Average 

Poor 

Good 
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Phrametric presenta t ion  t, so lar  c e l l  e l e c t r i c a l  performance 

i s  netcssary t o  descr ibe the quan t i t a t ive  relatio!gship between 

t h e  so l a r  c e l l  output and temperat: rl i- 5 - s i t y  conditions.  Ref- 

erence VI-4 describes a program deveioped a t  Martin Marietta Aero- 

space which takes  account of varying short- , i rcui t  cur ren t  and 

open-circui t  vol tage temperature coe f f i c i en t s  i n  pred ic t ing  

so la r  c e l l  pe r fonance  under d i f f e ren t  l i g h t  i n t e n s i t i e s ,  T h i s  

program was used i n  e s t ab l i sh ing  a reference c e l l  c h a r a c t e r i s t i c  

fo r  use i n  power subsystem simulation. Figure V I - 1 1  shows the 

steps. Curve A represents  the  c h a r a c t e r i s t i c s  of a so l a r  seg- 

ment of the so la r  array.  It i s  based upon panel t e s t s  i n  which 

account has been taken 01 the  erosion i n  performance r e su l t i ng  

from the fabr ica t ion  of the c e l l s  i n t o  a so l a r  par.el. This in- 

cludes a reduction i n  short  c i r c u i t  cur ren t  from coversl ide ap- 

p l i c a t i o n  by 3 percent and a rec'uction i n  peak power vol tage due 

t o  both interconnection res! stance arld mismatch of individual  c e l l  

performance of 7 percent. Curve B shows the curve n;odiEied by t h e  

described computer program and ind ica t e s  the prnpcrt ional  nntput 

of the c e l l  under a l i g h t  i n t e n s i t y  of 267 mW/cm 

of l l O ° C .  

a so l a r  a r ray  when o rb i t i ng  Venus. 

used  a s  the reference i n  power system computer simulation. It 

includes allowance fo r  r ad ia t ion  damage and unce r t a in t i e s  associated 

with the mission. Radiation damage computed by u.r,ing the p r o g r c  

i n  Reference VI-5 amounts t o  4.5 percent of the t o t a l  allowance of 

16 percent. Charac te r i s t ics  of a sn2ar c e l l  segment a f t t r  allow- 

anc s for  degradations a r e  displayed f n r  a range of temperatures i n  

Figure V I -  12. 

2 a t  a temp.rature 

These are representa t ive  of condi t ions encountered by 

Curve C i s t h r  curve which was 
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Thermal Control 

I n t r o d u c t i o n  - Tbe f u n c d o n  of t h e  s p a c e c r a f t  thermal c o n t r o l  

subsystem is to maintain equipment temperatures  w i t h i n  s p e c i f i e d  

l i m i t s  throughout t h e  mission. These limits c o n s t i t u t e  t h e  success  

c r i t e r i a  for t h e  thermal design. The temperatures  are c o n t r o l l e d  

i n d i r e c t l y  by c o n t r o l l i n g  t h e  h e a t  f low p a t t e r n s  w i t h i n  t h e  space- 

c r a f t ,  and t o  t h e  environments, to which t h e  temperature x i e l d s  are 

r e l a t e d  by t h e  basic equat ions  of h e a t  t r a n s f e r .  Two s i g n i f i c a n t  

c h a r a c t e r i s t i c s  of  thermal des ign  should 5 e  noted a t  t h i s  point :  

F i r s t ,  s i n c e  v i r t u a l l y  a l l  of rhe  s p a c e c r a f t  tpkes  p a r t  i n  t h e  

h e a t  t r a n s f e r  processes  determining i t s  temperatures,  t h e  thennal  

c o n t r o l  subsystem a s  a whole cannot be p h y s i c a l l y  separated,  nor  

iildependently t e s t e d ,  from t h e  res t  of t h e  spacecraf t .  Conse- 

quent ly ,  t h e  minirrum thermal e f f o r t  u s u a l l y  required during t h e  

implementation phases of a program mst inclu-*e an i terat ive 

thermal a n a l y s i s  of  t h e  complete s p a c e c r a f t ,  supplemented by a 

systems-level thermal t es t  program. This  h o l d s  t r u e ,  even when 

proven concepts,  or s i m i l a r i t y  t o  prev ious  designs,  are r e s o r t e d  

to. Conversely, t h e  relative impact of  new technology requirements 

OR t h e  t o t a l  c o s t  of t h e  thermal c o n t r o l  of advanced s p a c e c r e f t  

i s  minimized by t h i s  i n t e g r a t e d  c h a r a c t e r  o f  thermal design. 

Second, t h e  impact of thermal des ign  on t h e  f i n a l  s p a c e c r a f t  

c o n f i g u r a t i o n  may take one or more of s e v e r a l  p o s s i b l e  forms 

l i s t e d  belov i n  order  of  preference:  

a. Addit ion of thermal c o n t r o l  hardware. Thrse ad- 

d i t i o n s  a r e  s a i d  t o  be "ac t ive t t  i f  t h e i r  function- 

i n g  depends on moving p a r t s  or f l u i d s ;  otherwise 

they a r e  considered "passive". Typical a c t i v e  elements 

inc lude  f l u i d  loops,  hea t  p ipes ,  :ouvers, thermal switches,  

and t h e r m o s t a t i c a l l y  c o n t r o l l e d  h e a t e r s .  Passive elements 
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include insu la t ion ,  thermal s tandoffs ,  coatir.:s and 

f in i shes ,  and phase change hea t  s ink ma2erials (PCM). 
I n t u i t i v e  reasoning would tend t o  ass ign  the highest  

r e l i a b l l i t i e s  to  t h e  passive systems. Thts A S  not 

necessar i ly  t rue ,  however; f o r  example a lumber of 

coat ings  have shown t o  be suscept ib le  t o  

W degiadation, while a c t i v e  elements such as louvers 

and thermostats ha,-. proved t o  be highly r e l i a b l e  in 

f i i gh t .  

b. -acting the  configurat ion ciesign, i n  order  t r  i n -  

prove hea t  d i s t r i b u t i o n  w i t h i r  rhe "non- theruial- 

control t t  hardware. 

arranging of  e lec t ronics ,  or changes i n  the  ex terna l  

configurat ion design. 

Impacting the  equipment design and qua l i f i ca t ion  pro- 

gram with the  a i m  to  increase  t h e i r  range of permissible 

temperature limits. 

t h e  less thermal e f f o r t  is required. ( In  theory a t  

least, t h i s  reasoning could be extrapolated t o  "no 

thermal cont ro l  required". ) 

This may take the  form of re- 

c. 

The wider the  permissible range, 

d. Inmosition of cons t r a fn t s  OR f l i g h t  mar.euvers. The 

pos i t i on  and o r i en ta t ion  of t he  spacecraf t  i n  o r b i t  

(or space) have major e f f e c t s  on i ts  the rma l  couplings 

to  the  sun and p lane ts ,  and on i t s  capab i l i t y  t o  

reject hea t  to  space (normally assured a 4 K radia-  

t i o n  heat  sink). 

0 

I n  order  t o  provide a conservative evaluat ion of f e a s i b i l i t y  

and technology requirements, an attempt was made i n  the i n i ' i a l  

phases of t h e  study to  minimize the  thermal impacts of the form 

(b), (c), and (d) above. Such an approach a l s o  minimizes the 
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thermal cons t ra in ts  on the i t e r a t i v e  design of the pr imary  sub- 

system (radar). Al te rna t ive  approaches 2re -> t xxs ide red  

later i i i  t h e  study, a f t e r  firming up the  radar,  comunicat ions 

and power subsystems des igns .  

Criteria and (h ide l in . ;  f o r  Thermal Design - The i t e r a t i v e  

phase thermal study w a s  based on the following de ta i l ed  considera- 

t ions.  

Assumptions r e l a t i n g  t o  the  thermal c h a r a c t e r i s t i c s  of t h e  

spacecraf t  : 
a. The permissible tempezature limits fo r  the equipment 

conpartment are comparable t o  those of Viking, ranging 

from -18' t o  49°C f o r  e l ec t ron ic s  (including radar) ,  

and loo to 32OC f o r  the batteries. 

The average power d i s s ipa t ion  during the  o r b i t a l  phases 

of the mission i s  i n  the order of 500 w a t t s ,  with po- 

t e n t i a l  increase t o  600 watts by the  end of the  study. 

The radar and conrmtications e l ec t ron ic s  represent  con- 

centrated heat  sources both s p a t i a l l y  and temporaly. 

Thermally s ign i f i can t  peaks of heat  d i s s ipa t ion  may 

range up t o  0.9 KW during mapping, and 0.7 KW during 

high rate relay.  It is fur ther  assumed t h a t  packag- 

ing i s  on a one-subsystem per  bay basis. 

b. 

c. 

Assumptions r e l a t i n g  t o  the  environment: 

a. The Dlanetary emitted ( I R )  and r e f l ec t ed  (albedo) 

so l a r  r ad ia t ion  of Venus o r ig ina t e  a t  the "cloud 

top" leve l ,  assumed t o  be a spherical  surface with 

a radius of 6120 Km (Compare t h i s  with the  radar  

surface radius  of 6050 Km). 

b. Both the I R  planetary and the so l a r  re f lec ted  radi-  

a t ion  are diffused,  obeying Lambert's cosine law. 
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c. The following f lux  d e n s i t i e s  apply a t  the cloud top 

level: 

Infrared: CE = 160.1 W/m , uniformly d i s t r ibu ted  over 

the  sphere. 

Albedo: CA = 2760.4 W/m* a t  the  subsolar point  

(= 0.76 x so la r  constant  near Venus), and varies 

as the  cosine of the zenith angle away from the  sub- 

solar p d n t .  

The solar constant  near Venus i s  Cs = 2667.9 W/m , 
corresponding t o  a mean dis tance from the  sun of 

0.723 AU (Astronomical Units). The so la r  r a y s  are 

assumed to  be coll imated (pa ra l l e l ) ,  except when 

otherwise not  :d. 

The outer  space provides a r ad ia t ion  heat  sink with 

an e f f ec t ive  blackbody temperature of 4OK. 

2 

2 
d. 

e. 

I n i t i a l  a i m  a t  design f l e x i b i l i t y .  A s  pointed out e a r l i e r ,  

i t  is a goal of the  sample configurat ion thermal design t o  mini- 

mize the  configurat ion cons t r a in t s  on the  primary subsystem de- 

s ign  i t e r a t ions .  

however, it provides t h e  bas i s  f o r  e s t ab l i sh ing  the  f e a s i b i l i t y  

of thermal design, and f o r  ramif icat ions i n t o  a l t e r n a t e  designs. 

This may not r e s u l t  i n  an opthum approach, 

State-of-the-art  considerations.  Project ions of s ta te -of -  

the-ar t  are notor iously d i f f i c u l t  t o  make, s ince  they must be 

Eased on subjec t ive  evaluation of fu ture  developments t h a t  are 

usual ly  beyond the  cont ro l  of any s i n g - e  individual  or organi- 

zation. 

f c r  the  la te  1980's and early 1990's CF be made, however, by 

considering those concepts cur ren t ly  under dL klopment (including 

flight-development). 

a r e  heat pipes ,  phase-change mater ia ls ,  and specular louvers. 

A r e l a t i v e l y  "safe" pred ic t ion  of the  s ta te-of- the-ar t  

Thermal con'rol elements i n  t h i s  category 
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Thermal Design of the Sample Configurations - A thermal control  

concept t h a t  f i t s  a l l  of the  c r i t e r i a  l i s t e d  above cons i s t s  of  

a s ing le  r ad ia to r ,  coupled t o  the i n t e r n a l  h e a t  sources by a heat 

pipe system. The r ad ia to r  represents  the spacecraft/environment 

thermal in t e r f ace  through which a l l  of the  i n t e r n a l  heat  i s  re- 

jec ted ,  the r e s t  of the equipment compartment being i so l a t ed  from 

t h e  environment by the use  of high-performance ( m l t i l a y e r )  in- 

sulat ion.  

d i s t r i b u t i n g  the  in t e rna l  hea t  from the  concentrated sources 

throughout the  thermal mass of  the  equipment compartment, there- 

by minimizing temperature gradients  and f luc tua t ions ,  as w e l l  as 

providing an e f f i c i e n t  means of thermal coupling between the 

equipment and the radiator .  

m i t s  maximm f l e x i b i l i t y  with regard t o  loca t ion  and o r i en ta t ion  

of the  rad ia tor ,  hence minirmm cons t r a in t s  on ove ra l l  c o n f i y r a -  

t i o n  design. 

The hea t  pipe system provides an e f f e c t i v e  means of 

The s i n g l e  r ad ia to r  concept per- 

Since the  hea t  pipe is a near-isothermal device. as a f i r s t  

approximation, the r ad ia to r  design temperatures may be equated 

with the  desired equipment temperatures, which provides f o r  a 

considerable s impl i f ica t ion  i n  the  analysis .  The conceptual 

design problem i s  reduced, then, t o  determining the required 

thermophysical propert ies ,  s i z e ,  loca t ion  and o r i en t3 t ion  

of the  r ad ia to r ,  cons is ten t  with t o t a l  hea t  re ject ior .  requirements, 

and with the  configurat ioa cons t r a in t s  of the  radar ,  communications, 

and power subsystems. 

paragraphs . 
These w i l l  be discussed i n  the subsequent 

The preliminary design of the r ad ia to r  may be accomplished 

i n  three  somewhat overlapping s teps ,  viz.  (a) conversion of the 

equipment compartment temperature limits i n t o  r a d i a t o r  tempera- 

t c r e  requirements; (b) corversion of the r ad ia to r  temperature 
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requirements i n t o  hea t  emission cr i ter ia ;  avd (c) s a t i s fy ing  

t h e  hea t  emission c r i te r ia  by heat  balance considerations.  

Step (a) i s  very simple t o  accomplish i n  the  case of t he  sample 

thermal design, s ince  the  hea t  pipe system provides a thermal 

coupling with p r a c t i c a l l y  no thermal grad ien ts  between 

ment and the  rad ia tor .  Consequently, t he  radiecor is subject  

to  t h e  same temperature l imi t a t ions  as the  in s ide  of t he  corn 

partment, the  average "design1' temperature se lec ted  for t h i s  

study being 21°C (294OK),  t h e  mean temperature of the  ba t t e r i e s .  

The r e l a t i o n  between the  emissive power of the  radiatcr 

equip- 

surface and 

Bo1 t zmann' s 
= 

qem 

where q = 
em 2 Kcal /m 

m2 - h r  
= 

TR 

i ts  temperature (Step (b)) i s  provided by Stefan- 

Law, tccording to: 

r o T  R (VI-3) 

r ad ian t  energy emitted pe r  u n i t  surface a rea  i n  

- hr ,  

e f f e c t i v e  emissivi ty  of  t he  surface,  dimensionless 

t he  Stefan-Boltzmann constant  = 4.88 x lom8 Kcal/ 
4 - K  

absolute  r a d i a t o r  temperature, K 

The emissivi ty  i s  a material property i n  the  case of simple 

surfaces ,  but i t  is a l s o  a function of geometry i n  the  case of 

more complex surfaces ,  such as provided by louvers. ( In  the  l a t te r  

case, the  e f f e c t i v e  emissivi ty  i s  "controlled" by the  pos i t ion  

of t h e  blades). 

In  Step (e), qem i s  re la ted  t o  i n t e r n a l  and external  hea t  

loads according to  the  hea t  balance equation: 

(VI-4) 
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where Q = t o t a l  i n t e r n a l  h e a t  l o a d ,  watts 

= area o f  r a d i a t o r ,  m 2 i n t  

pk 
a = a b s o r b t i v i t y  o f  t h e  r z d i a t o r  s u r f a c e  i n  the 

solar  w a v e l e n g t h  

I = i n c i d e n t  r a d i a t i o n  (or i r r a d i a n c e )  on t h e  r a d i a t o r  
2 s u r  f a c e ,  W/m 

and  t t e  s u b s c r i p t s  s t a n d  f o r :  S = d i r e c t  solar; A = a l b e d o ;  E = 

p l a n e t a r y - e m i t t e d  ( IR) ;  i s  = i n d u c e d - s o l a r  o r i g i n ;  and i e  = 

i n d u c e d  I R .  The t l i n d u c e i q l  h e a t  l o a d s  are t h o s e  d u e  to r e f l e c -  

t i o n  or e m i s s i o n  by s p a c e c r a f t  a p p e n d a g e s  (or o t h e r  e x t e r n a l  

s u r f a c e s )  "seen" by t h e  r a d i a t o r .  

For  a g i v e n  q a minimum r a d i a t o r  s i z e  would b e  a c h i e v e d  
em' 

i n  t h e  a b s e n c e  of e x t e r n a l  h e a t  l o a d s .  I n  t b i s  czse, a c c o r d i n g  

t o  e q u a t i o n s  (VI-3 and m-4) 

which g i v e s  f o r  Q = 500 W, E = 0.7, and T R = 294 K, an i n t  
2 (%),in = 1.68 m 

I n  t h e  case of t h e  VRM m i s s i o n  t h i s  i d e a l  s i t u a t i o n  c a n n o t  b e  

r e a l i z e d ,  and t h e  r e q u i r e d  radiator area w i l l  be larger t h a n L  

t t e  la t te r ,  however,  w i l l  serve as a r e f e r e n c e  b a s i s  (AR) m i  n ; 
f o r  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  of t t e  d e s i g n .  

I n  o r d e r  t o  minimize  t h e  e f f e c t  of e x t e r n a l  h e a t  l o a d s  o n  t h e  

r a d i a t o r ,  a c o m b i n a t i o n  o f  t h r e e  a p p r o a c h e s  h a s  been u s e d  (a) 

+ h e  s e l e c t i o n  of a low a /  L r a t i o  s u r f a c e  f o r  t h e  r a d i a t o r ;  

( t h e  s t a t e - 0 ; - t h e - a r t  v a l u e  f o r  t h e  second s u r f a c e  m i r r o r s  (SSM) 

i s  U / E  = 0.1/0.7;)  (b) t h e  e l i m i n a t i o n  oi t h e  " induced ' '  

r a d i a t i o n  e f f e c t s  by p r o p e r  l o c a t i o n  a n d  o r i e n t a t i o n  of the 

raGLator on t h e  s p a c e c r a f t ;  and (c) by m i n i m i z i n g  t h e  t o t a l  i n -  

c i d e n t  r a d i a t i o n  'from t h e  s u n  and Venus by i m p o s i n g  f u r t h e r  con- 

s t r a i n t s  on t h e  l o c a t i o n  and o r L c n t a t i o n  o f  t h e  r a d i a t o r .  
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The f i rs t  approach i s  straight-forward; the second proved 

t o  be well within the cons t r a in t s  of conf;*;uration design. The 

t h i r d  i s  discussed i n  more d e t a i l  below, i n  r e l a t ion  to parametric 

va r i a t ion  of o r b i t a l  parameters and t h e  associated r ad ia to r  area 

r e qu i r emen t s. 

Each of  the Zhi-ee remaining incident  rad ia t ion  terms i n  

Equation (IV-4) may be axpressed as the product of a source constant 

C,, an1 a rad ia t ion  view f a c t a r  F, according to: 

I S = C F *  S S ’  I A = C F  A A ’  * a n d I E = C E F E  (VI-5) 

The source constants have aiready been defined i n  Criteria and 

Guidelines f o r  Thermal Design; the view fac to r s  are functions of 

pos i t ion  and or ien ta t ion  of the  r ad ia to r  i n  o rb i t .  Referring t o  

Figure VI-13 f o r  the  de f in i t i ons  of rad ia t ion  geometry, these 

functions may be formally wri t ten:  
F = FS ( 8 )  = C O P P  

F A = F A ( Y , 8 ’ r , R )  
S 

F E = F E ( Y , R )  

The e x p l i c i t  i~rms of Equations (VI-6b) and (VI-6c) (omitted here  

f o r  brev i ty)  general ly  requi re  n m e r i c a l  so lu t ions  . 
havc been tabulated i n  the  l i t e r a t u r e  (Ref. VI-6) f o r  a number 

of geometries, and these have been used i n  the  present  study. 

From these data ,  and the equations (VI-61, the  instantaneous 

incident  fluxes can be determined. Further  ine ight  i n t o  the  

thermal aspects  of o r b i t a l  f l i g h t  may be obtained by using 

i n t e g r a l  forms of the  above view fac to r s ,  based on a thermal 

analogy t o  Kepler’s Second Law developed during the  course of 
the  study, and out l ined i n  the  ,allowing. I n  the  analogy, 

the t rue  anomaly 8 and i t s  t ime-derivative 8 are preserved, bi:.: 

the pos i t ion  radius  R i s  replaced by a thermal r a d i x  defined as 

RF + = r F  , where r = R/Ro. 

Such solutions: 

f f , ox, i n  non-dimensionalized form: 
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I n  o r b i t a l  mechanics, t h e  area swept  by R i s  p ropor t io - i a l  t o  

t h e  t ime- in t eg ra l  of angular  momentum, hence t o  t ime, when t h e  

l a t te r  is cons tan t ,  such as i n  a Kepler ian o r b i t .  The area 

swept by t h e  thermal r a d i u s  is p r o p o r t i o n a l  t o  t h e  t i m e - i n t e g r a l  

of t h e  f l u x  I, hence w i t h  t i m e ,  when t h e  l a t t e r  i s  cons t an t .  ( I n  

t h i s  case t h e  " o r b i t "  desc r ibed  by t h e  thermal r a d i u s  i s  an e l l i p s e ) .  

For t h e  important s p e c i a l  c l a s s  of proble.  s where t h e  incider. t  

f l u x  v a r i e s  as t h e  inversz-square of d i s t a n c e  from t h e  source 

(e. g., solar system), t h e  thermal r a d i u s  < s  a c o n s t a n t ,  and t h e  

"orbi t"  desc r ibed  by i t  i s  a c r i c l e  (when the mechanical o r b i t  

i s  an e l l i p s e )  or an arc of a c i r c l e  (when t h e  mechanical o r b i t  is 

a parabola  o r  hyperbola);  and the(curm1ative) t o t a l  i n c i d e n t  

r a d i a t i o n  on t h e  o r b i t i n g  body i s  p r o p o r t i o n a l  t o  t h e  t r u e  anomaly. 

An advanatsge o f  t h e  analogy-method i s  t h a t  i t  p rov ides  a 

bas s f o r  t h e  geometr ical  r e p r e s e n t a t i o n  of t h e  thermal a s p e c t s  

of  o r b i t a l  f l i g h t  i n  t h e  form of polctr diagrams. To f a c i l i t a t e  

the c o n s t r u c t i o n  of such diagrams, t h e r e  have been developed 

a set of diagrams showing t h e  thermal r a d i u s  as a f u n c t i o n  of 
t h e  p o s i t i o n  r a d i u s ,  r, and of o r i e n t s t i o n ,  f o r  f l a t  s u r f a c e  

elements f n  o r b i t .  S p e c i f i c  r e s u l t s  p e r t a i n i n g  t o  t h e  Sanlple 

Configurat ion s t u d i e s  are summarized below. 
I 

The o rb i t a l - ave rage  i n c i d e n t  f l u x  o r i g i n a t i n g  from t h e  p l a n e t  

(i. e. , I and/or  I ) i s  g iven  by t h e  equa t ion  of t h e  form: A E 
2 n  
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- 
where I = o r b i t a l - a v e r a g e  i n c i d e n t  f lux ,  a = A/Ro, ?J = B/Ro, 

A = semi-major a x i s  of o r b i t ,  B = semi-minor ax is  of o r b i t ,  r = 

R /Roy 

Cy q5 , and 8 are as def ined before.  Our study h a s  i n d i c a t e d  t h a t  t h e  

i n t e g r a l  on t h e  right-hand s i d e  CJf Equation (VI-5) does noc change 

s i g n i f i z a n t l y  when the  e c c e n t r i c i t y  i s  v a r i e d ,  hence t o  a f i r s t  

a'pproximation, I i s  p r o p o r t i m a 1  t o  Y = (1-e) / (l-e2)'. 

t h r e e  e c c e n t r i c i t i e s  considered:  

P 
R = p e r i a p s i s  ( p o s i t i o n )  r a d i u s ,  e = e c c e n t r i c i t y ,  and 

P P 

2 - 
For t h e  

e = 0.0 0 . 3  0.5 

Y = 1.0 0.513 0.288 

The n e t  e f f e c t  on required r a d i a t o r  area i s  cons ide rab ly  sma l l e r ,  

however, than t h e  above numbers would ind ica t e .  For hxample, f o r  

t h e  ase of no d i r e c t  s o l a r  impingement on t h e  r a d i a t o r ,  AR i s  - 
i n v e r s e l y  p r o p o r t i o n a l  t o  

Equation (VI-41,  and the  n e t  e f f e c t  on t h e  Shared Antenna Concept 
i s  as follows: 

- a I - E YE) i n  accordance with 
A 

e = 0.0 0 . 3  0.5 

AR= 1.8in 1.9m 2 . 1 m  2 

imposed p On F igure  VI-14 are shown two s u p e  lar  diagrams of ab- 

sorbed environmental r a d i a t i o n  f o r  t w G  r a d i a t o r  o r i e n t a t i o n s :  p a r d -  

l e 1  and pe rpend icu la r  t o  the e c l i p t ' c ,  r e spec t ive lv .  The diagrams 

are drawn f o r  t h e  worst-case s i t u a t i o n s  of t h e  Shared Antenna Con- 

c e p t ,  an e c c e n t r i c i t y  of  0.5, and f o r  no d i r e c t  solar impingement. 

It i s  shown t h a t  c a s e  "B" (radi.ator pe rpend icu la r  t o  e c l i p t i c )  

i s  t h e  p r e f e r r e d  conf igu ra t ion ,  although t h e  environmental  h e a t  

103dS a r e  r e l a t i v e l y  small (10.8 and 15.0 W/m ) as compared t o  

the  i n t e r n a l  h e a t  load (over 200 W/m ). 

2 

2 

Shared v s  Dedicated Antenna Concepts - Pola r  diagrams 

of environmental h e a t  loads (absorbed r a d i a t i o n  pe r  u n i t  r a d i a t o r  

area)  f o r  t h e  Shared and Dedicated Antenna Concepts a r e  shown 
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by the  skeded areas on Figures VI-15 and VI-16 respect ively.  

area of the  ell ipse--with a thermal radius  P --on . Jth diagrams rep- 

The diagram resents the  emissive power of t h e  r ad ia to r ,  i.e., 
represent  worst-case environmental conditions f o r  t he  mission, t he  
Dedicated Antenna Concept being character ized by p a r t i a l  expomre 

of t he  rad iaLor  t o  d i r e c t  so l a r  r ad ia t ion  during the  mapping phases 

of the sissiox.. 

me 

qeui 

It may be concluded t h a t :  

The sing1.e-radiator concept provides a highly f l e x i b l e  thermal 

desig3 fo r  the  VRM spacecraf t ,  with the  thennal cont ro l  elements 

conceptual.ly within preser.t s ta te-of- the-ar t ,  but with some hard- 

ware development and qua Li f ica t ion  required. 

The e f f e c t  of environmental hea t  loair: are minimized, and the  

required r ad ia to r  s i z e  i s  determined e s s e n t i a l l y  by i n t e r n a l  h2at 

d i s s i p a t  ion  requirements , w i  t h  the  proposed a, ncey t . 
The Shared-hitenna bncept i s  the  thermally preferred configura- 

t ion.  

A t t i  tude Control P a r y e t r i c  Studies 

Introduct ion - General goals  of t he  ACS parametric design 

s tud ie s  f o r  the  Venus Mapper Missicn are: (1) to meet radar  imaging, 

c m n i c a t i o n ,  a t t i t u d e  and a t t i t u d e  rate poin t ing  requiremects; 

and (2) t o  be compatible with t h e  spacecraf t  design i n  t e L m s  of 

ACS s ize ,  weight and power. Spacecraft  and antenna maneuver 

times, based on mission requirzmeqts, nust be met .  An addi t iona l  

ob jec t ive  is t o  determine a p p l i c a b i l i t y  of t he  Viking Orbi te r  

cold gas  - Sun/Canopus ACS. If t h i s  system i s  appl icable ,  the  

objec t ive  i s  t o  def i - ie  the  required m d i f i c a t i o n s .  Any lmg-  

l i f e  hardware problems w i l l  be iden t i f i ed .  

A t rade  study was performed between momentum exchange systems 

and mass expulsion systems. 

Reaction Wheels (RW) and Control Moment Gyros (CMCs). The mass 

The momenturn exchar~ge systems a r e  
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expulsion systems which were studied a r e  ni t rogen cold gas (GYP) 

and a hydrazine/p!enum dual propel lant  system. 

involved a s i z ing  ana lys i s  t o  determine the weight, dimensions, 

and e l e c t r i c a l  powcr requirements of pcss ib le  ACS, as wel l  a s  ident i -  

fying any l i f e t ime  problems. 

The t rade s tud ie s  

Trade s tudies  t h a t  considered momentum exchange systems were done 

only f o r  Configurations A (shared) and B (dedicated). This w a s  

s u f f i c i e n t  to reach a conclusion. Momentun exchange sys t em t h a t  

w e r e  considered are: 1) four skewed s ing le  gimbal CMGs; 2) f i v e  

skewed s ingle  gimbal (Xb; 3) fcur  skewed reac t ion  wheels; and 

4) two double-gimballed reac t ion  wheels. These mmentum exchange 

sjs-ems are compared t o  mass expulsion systems on Configuration A 

and Configuration B. Mass expulsion systems on Configuration k 

are: l j  a GN system with yaw t h r u s t e r s  on the  solfir panels (yaw 

moment arm of 3.61 m); 2) a GN with yaw t h r u s t e r s  on a boom (mom- 

ent  ams of 4.8 m); 3) a GN2 

spacecraf t  (yaw moment am of 1.25 m); 

dual propel lant  system. 

2 

2 
system with yaw t h r u s t e r s  on the 

and 4) a hydrazine/plenum 

Mass expulsion systems on configurat ion B are a GN system and 2 
a hydrazine/Flenum dual propel lant  system. 

The following i s  a l i s t  of mission requirements and some ground 

r u l c s  t h a t  a r e  used i n  the ACS t radeoff  studies.  

o Viking Orbi ter  ' 75  spacecraf t  serves  as a baseline.  

This basel ine provides a three-axis  s t ab i l i zed  spacecraf t  

with a kn/Canopus c e l e s t i a l  reference system and an 

Tner t i a l  R e  f erenc e Unit ( IRU) . 
o The "half-gas" ACS philosophy i s  adpated (except as noted) 

where a redundancy fac tor  on propel lant  i s  3.0. 

o The momentum exchange systems a r e  sized to allow for  one 

complete vheel fa i lure .  
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o For Configuration A, the  shared antenna i s  moved between 

Earth and Venus every 5th o r b i t  ior e = 0 ,  every 2nd o r b i t  

f o r  e = 0.3, and every o r b i t  f o r  e = 0.5. The s o l a r  panels 

always point t o  the  sun. 

p i t ch  and yaw simultaneously with the  antenna p i t ch  rate 

being 0.5 deg/sec and the antenna yaw r a t e  being 0.75 

deg/sec, 

The Configuration B must maneuver between mapping and re- 

charging phases. 

Worst case manuevering f o r  each mapping phase assumes a 

p i t c h  up of 90°, r o l l  of 135O, and a f t e r  recharging, a 

de-roll  of 135', and a p i t c h  down 90°. 

must be performed i n  0.9 hour per phase t o  meet conrmuni- 

ca t ions  requirements. This t r a n s l a t e s  i n t o  a spacecraf t  

maneuver rate of 0.417 deg/sec i n  p i tch  and roll, taking 

i n t o  accaunt t i m e  for t r a n s i e n t s  t o  damp. 

The antenna is 1nant:uvered i n  

o 

The colrrmunication anter-na is ar t icu la ted .  

This maneuver 

o Spacecraft comnand tu rns  f o r  a l l  a t t i t u d e  maneuvers, except 

fo r  t h e  mapping and charging maneuvering of Configuration 

B, are 0.18 degjsec. 

Booster separat ion r a t e  and r a t e s  induced by spacecraf t  

main engine shutdown are 1 deg/sec KSS t o t a l  ( $13 

i n  each axis).  

o When on c e l e s t i a l  reference,  a t t i t u d e  deadband i s  + 4.4 

o 

deg/sec 

- 
x rad i n  yaw, p i tch ,  and r o l l .  When occulated,  gyro 

reference i s  used with an a t t i t u d e  deadband of + 3.0 x 10 

rad i n  yaw and p i t ch  and ,+ 1.5 x 

occulted from the  Sun, yaw, p i tch ,  and r o l l  a r e  on gyros. 

When occulted from Canopus, r o l l  i s  on gyros, yaw and p i t ch  

remain on Sun reference. These deadbands are based on 

V0'75 spec i f i ca t ions  and therefore  should be a t ta inable .  

- 3  - 
rad i n  r o l l .  When 
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o Main engine burn time is assumed to be 40 seconds for 

midcourse corrections. One gimballed engine is assumed 

to be used for midcourse corrections, thus the ACS supplies 

roll control. Main engine burn time i s  assumed to be 
800 seconds for orbit insertion. Three engines are u??d 

for orbit insertion with only the center engine gimballed: 

roll control is supplied by the ACS. 

The ACS is also assumed to provide a lernier A V of 0.16 m/ 

sec following main engine shutdowns. 

Minimum on-time for the GN2 or plenum ACS thrusters is 

0.020 seconds. 

o 

o 

The following timeline is part of the mission requirements and 
ground rules that are used in the ACS t-adeoff and sizing stud€es. 

1. Bboster separation, reduce Lip-off razes with ACS. 

2. W o  SKU ind CanopJs acquisition attitude maneuvers. Maxinnim 

allowec. time due to batteries is approximately 30 minutes. 
(This time constraint is easily met). 

a. At booster separhtion. 

b. Due to some other cause. 
3. Two midcourse correction maneuvers. 

a. Attitude maneuver to thrusting attitude and maneuver 

back to celestial attitude in roll-pitch sequence. 

b. Fire one main engine, reduce spacecraft rate transients 
due to main engine shutdown. 

time is 40 sec: assume roll control is provided by the 

ACS during this time. Assume rate reduction same as 

booster tip-off rates (1 deg/sec total). 

ACS is used to provide a 0.16 m/sec A V vernier correc- 
tion. Roll control is maintained coi1tinuously during 
vernier. 

Worst case one engire burn 

c. 
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4. L i m i t  cycle during cruise .  Assume no ex terna l  torque. U s e  

c e l e s t i a l  reference. Transi t  t i m e  i s  175 days. 

5. Orbit  inser t ion .  

a. At t i tude  maneuver t o  thrus t ing  a t t i t u d e  and maneuver 

back i n  ro l l -p i tch  sequence. 

F i r e  three main engines w i t h  only center  engine gimballed. 

Maintain r o l l  control  continuously with ACS fo r  800 sec, 

reduce rate t r ans i en t s  ( 1 deg/sec t o t a l  ) due t o  main 

engine shutdown. 

b. 

6. L i m i t  cycle i n  orb i t .  Time is 250 days. ACS propel lan t  usage 

is dependent on the ACS deadband which is determined by oc- 

cu l t a t ion  conditions. 

a. Pitch and yaw t i m e  on gyro reference i s  5.8 x 10 seconds 6 

6 f o r  e = 0 and 4.1 x 10 seconds f o r  e = 0.5. Deadband = 

+ - 3.0 x lom3 rad. 

Pi tch and yaw t i m e  on c e l e s t i a l  reference i s  15.7 P 10 

ssconds f o r  e = 0 and 17.4 x 10 seconds f o r  e = 0.5 

Deadband = - + 4.4 x lom3 rad. 

Roll t i m e  on gyro reference i s  11.8 x lo6 seconds fo r  

e = 0 and 8.76 x 10 seconds for  e = 0.5. Deadband = 

+ - 1.5 x rad. 

6 b. 
6 

c. 
6 

6 d. Roll t i m e  on c e l e s t i a l  reference i s  9.76 x 10 seconds 
6 f o r  e = 0 and 12.74 x 10 seconds fo r  e = 0.5. Deadband = 

+ 4.4 x lom3 rad. - 
7. Two o r b i t a l  t r i m  burns, e = 0.5 only. This is the  same as 3. 

except t h a t  t h i s  i s  f o r  e = 0.5 only and e = 0.5 o r b i t a l  mass 
proper t ies  a r e  used. 

8. Antenna meneuvering. For Configuration A only. 

9. Spacecraft maneuvering i n  orb i t .  For Configuration B only. 
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For purposes of discussion, the ACS 4-s arranged i n t o  the 

following block diagram: 

? 7 

SPACECRAFT ' 

,- 
! r -  

SENSORS - ON-BOARD ACS 
COMPUTER CONTROL 

EFFECTOR 1 -  

For the mass expulsion systems t!ie control e f fec tor  s iz ing  in- 

cludes propellant,  tankage and support s t ruc ture ,  nozzles, valves, 

pressure regulators,  plumbing, and reactors  o r  catalysts .  For 

momentum exchange systems, the control e f fec tor  s iz ing  includes 

wheels, housings, support s t ructure ,  dr ive m t o r s ,  gimbal actuators,  

and drive and control electronics.  

The mass propert ies  t ha t  a re  used for Configurations A and B 

ACS s i z ing  analysis  are given i n  Table VI-9. 
for  the momentum exchange s i z i n g  analysis  are: 

Inputs t ha t  are used 

o 

o Peak external torque due t o  gravity gradient, aerodynamic 

Torque required t o  maneuver = 5 0.122 newton-meter. 

-4 and solar  pressure e f f ec t s  = 1.556 x 10 newton-meters. 

o Peak momentum required = 2 13.8 n-m-sec. This momentum 

value excludes a l l  high-rate t rans ien ts  due t o  booster sep- 

a ra t ion  and main engine shutdown because mass expulsion is 
used t o  damp these transients.  

based on Configuration B maneuvering between mapping and 

charging phases. (Peak momentum for antenna maneuvering 

for  Configuration A is - + 0.374 n-m-sec; therefore,  the  

sized CMG system can eas i ly  accommodate disturbances due 

t o  antenna a r t icu la t ion) .  

This momentum value i s  

o These torque and momentum requirements were assumed symmet- 

r i c  i n  pi tch,  yaw aad ro l l .  
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e 0.3 e = 0.5 
I n e r t i a  I n e r t i a  

Miss ion Weight n-m-sec2 I Weight n-m-sec2 
Port ion 

(kg) 1, I 1, (kg) 1, I 1, 
Yaw Pixch Roll  Yaw Piech R o l l ,  

Booster separat ion 
t o  p r io r  t o  o r b i t  
inser t ion ,  antenna 
stowed. 

3230 2460 3575 2360 2270 1310 2180 20G0 

Table VI-9 -#ass Properties Used f o r  Configurations A and B 
ACS Sizing Tradeoff Analysis 

Orbit i n s e r t  ion 
t o  end of mission, 
antenna extended. 

1055 1020 I i540 I 1700 I 1165 1310 19C3 1780 

Use of candidate momentum exchange systems assumes a v a i l a b i l i t y  

of a d i g i t a l  computer t o  mechanize the  cont ro l  laws, and use of a 

GN ACS f o r  a l l  rate reductions and Sun Canopus acquis i t ion .  The 

remainder of the mission w i l l  use the  momentum exchange system with 

2 

the GN 2 
backup. 

t o  avoid the  extreme environmental problems associated with boost. 

system fo r  desa tura t ion  and vern ier  A V s  and perhaps as a 

This allows the  wheels t o  be spun-up af ter  the  boost phase 

The CMGs were sized according t o  the design philosophy contain- 

ed i n  Reference VI-8 and Reference VI-9 which involves a sca l ing  

l a w  derived assuming a s t ress - l imi ted  design. 
I 

No l i f e t ime  problems (425 days) are iden t i f i ed  for  the mass 

expulsion systems o r  fcr the  momentum exchange systems. No tech- 

nology development requi.renents a r e  iden t i f i ed  f o r  e i t h e r  system. 



V 1-47 

Discussion of Resul t s  - Resul t s  of t h e  ACS s i z i n g  a n a l y s i s  

t radeoff  s tudy between mass expuls ion systems and momentum ex- 

change systems arc given i n  Tables  V I - 1 0  through VI-21. 

Table V I - 1 0  compares c o n t r o l  e f f e c t o r  s i z e ,  weight ,  and '>ewer 

f o r  momentum exchange systems. The r e a c t i o n  wheel systeuic are n o t  

candidates  because of t h e  high power requirement.  

quirements are sunnnarized i n  Table  VI-14. 

weight,  and power, Table  V I - 1 0  shows t h a t  4 o r  5 skewed s imple 

gimbal W s  are an  acceptab le  ACS. 

Peak power re- 

On t h e  b a s i s  of s i z e ,  

For Configurat ion A, Table V I - 1 1  shows t h a t  a GN ACS i s  accep- 2 
t a b l e  i f  t h e  yaw moment arm i s  s u f f i c i e n t l y  long. When t h e  yaw 

moment arm is as s h o r t  as 0.61 m (yaw t h r u s t e r s  mounted on t h e  cor- 

ners of t h e  s o l a r  panel  t i p s ) ,  a GN 2 
b a s i s  t h a t  t h e  t o t a l  system weight is g r e a t e r  than 10% of t h e  

s p a c e c r a f t  i n  o r b i t .  Table V I - 1 1  shows t h a t  a hydrazine dual  

p r o p e l l a n t  system is acceptab le  from a weight s tandpoin t  even when 

t h e  yaw moment arm i s  0.61 m. 

ACS i s  unacceptable  on t h e  

Table VI-12 shows t h a t  both t h e  GN and hydrazine ACS are too  heavy 2 
f o r  Configuration B. 

are l a r g e i y  i d e p e n d e n t  of t h e  yaw moment ann because maneuvering 

f o r  Configurat ion B is  done i n  p i t c h  and r o l l .  

The t o t a l  system weights given i n  T a b l e  VI-12 

Most of t h e  
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ACS propel lant  usage i s  due t o  spacecraf t  maneuvering between 

mapping and charging a t t i t udes .  This leaves a CMG ACS as the  

bes t  candidate fo r  Configuration B. 

Table VI-13 shows t h a t  from weight considerations the  reac t ion  

wheel systems a r e  not competitive with 4 o r  5 skewed simple gim- 

bal  CMGs. 

Tables VI-13, 14, and 15 give d e t a i l s  on the data  t h a t  were used 

t o  compile Table VI-10. 

t a i l s  on the data  there  were used t o  compile Tables V I - l l  and 12. 

I n  sumnary, Configuration B requi res  a 4 or  5 skeweJ simple 

gimbal CMG ACS, and a GN2 ACS i s  acceptable €or Configurati+n A 

provided t h a t  a s u f f i c i e n t l y  long yaw moment ann i s  used. 

Tables VI-16, 1 7 ,  18, 19, 20,  and 21  give de- 

Time Constraints on ACS Performance - Performance of the  

Venus mapper ACS i s  constrained by time i n  two cases,  One case 

i s  tha t  the  b a t t e r i e s  can only be "off the Sun" fo r  a c e r t a i n  

amount of time. For purposes of ACS considerat ion,  t h i s  time 

i s  conservatively taken as one hour. (The worst case Sun occul- 

t a t i o n  time i n  Venus o r b i t ,  e = O.S, is approximately 1.1 hour). 

A s  a basel ine goal,  the spacecraf t  w i l l  be required td complete a l l  

maneuvers i n  t r a n s i t  o r  i n  o r b i t  rapidly enough so t ha t  the so l a r  

panels a r e  not pointed away from the  Sun f o r  more than 1 hour. 

The worst case maneuver time equals 3481 seconds and i t  occurs 

when one main engine i s  assumed t o  provide o r b i t  inser t ion .  

The burn time can be as high a s  2200 sec. The t o t a l  time f o r  t h i s  

maneuver a l so  includes time t o  maneuver t o  th rus t ing  Orientat ion 

through 110 deg, t i m e  t o  maneuver t o  o r b i t a l  o r i en ta t ion  through 

110 deg, and time t o  damp maneuver t rans ien ts .  For another example, 

the t o t a l  worst case t i m e  required t o  damp booster separat ion r a t e s ,  

acquire the Sun through a 180 deg acquis i t ion  maneuver, and t o  

damp maneuver t r ans i en t s  i s  1059 seconds. Therefore, ACS maneuver 

performance i s  expected t o  meet ba t t e ry  t i m e  cons t ra in ts .  
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The other time cons t ra in t  i s  t h a t  the  time reqiired f o r  antenna 

Time spent fo r  antenna pos- pos i t ion ing  must be kept t o  a minimm. 

i t i on ing  i s  subtracted from the time ava i lab le  for  communication 

with Earth and t h i s  i n  turn c f f e c t s  RF subsystem power requirements. 

This time cons t ra in t  a f f e c t s  Configuratidns A and B. For Config- 
ura t ion  A, the  antenna mst be slewed from the  mapping or ienta-  

t i o n  to  the comrmnicating or ientat ion.  A high slew rate causes 

correspondingly high ACS propel lant  usage, unless  a CMG system 

i s  used. A slow slew rate may not leave enough time for data  

transmission t o  Earth. A s imi la r  s i t ua t ion  exists f o r  Configura- 

t i o n  B, but here  the e n t i r e  spacecraf t  i s  being slewed instead 

of j u s t  t h e  antenna. 

For Configuration A, 0.1 hour t o t a l  i s  allowed t o  pos i t i on  

the antenna over and back between mapping and communication. 

Antenna angular rarige i s  

Pi tch rate is 0.5 deg/sec and yaw r a t e  i s  0.75 deg/sec. 

hr. i s  needed t o  move the  antenna f u l l  range. No time is l e f t  

f o r  damping of spacecraf t  a t t i t u d e  t r a n s i e n t s  when antenna motion 

i s  stopped; however, the  antenna usual ly  w i l l  not need t o  t r a v e l  

f u l l  range. Also, i f  necessary, the  slew rate can be increased 

t o  save time. 

sec. 

90 deg i n  p i t ch  and 2 135 deg i n  yaw. 

Thus 0.1 

The present VO ' 7 5  gimbal r a t e  can reach 1.0 deg/ 

For Configuration B, maneuver time over and back between map- 

ping and s o l a r  charging is 0.9 h r  t o t a l  including t i m e  to damp 

t rans ien ts .  This requi res  a maneuver r a t e  of 0.417 deg/sec. 

To perform t h i s  maneuvering fo r  Configuration B, a cold gas 

system would be too heavy and therefore  a CMG momentum exchange 

system is required. 



VI-62 

Error  Source Name 

Gyro & In t eg ra to r  D r i f t  
Rate Uncertainty 

Antenna Ar t icu la t ion  Control Subsystem - This subsection 

discusses  the  i n t e r r e l a t i o n  between antenna point ing require- 

In-Flight Calibrated ' 
3 Value 

0.15O/hr 

ments, the ACS, and the antenna a r t i c u l a t i o n  cont ro l  subsystem. 

V0'75 Lander spec i f i ca t ion  def ines  high-gain antenna (HGA) point-  

ing  control  accuracy as the 99th pe rcen t i l e  of the  t o t a l  point ing 

e r r o r  f o r  the  HGA electrical boresight  with respec t  t o  the  

spacecraft-Earth vector.  The HGA point ing cont ro l  accuracy 

requirement is in te rpre ted  as one which may not  be exceeded 

a t  any time i n  the  mission due t o  l i m i t  cycle  motion. 

Lander spec i f i ca t ion  tabula tes  approximate values of contr ibut ions 

r e l a t i v e  t o  the  in t e r f ace  accuracy requirement f o r  groups of 

" 3 ~ v a l u e "  e r r o r  sources, The r e s u l t i n g  99th pe rcen t i l e  HGA 
point ing cont ro l  accuracy while on celestial  reference is 0.70 

degree, when an in - f l i gh t  ca l fb ra t ion  procedure is used. 

V0'75 

When the  spacecraf t  is on i n e r t i a l  reference,  the followicg 

30 e r r o r  values are used t o  es t imate  the  HGA point ing cont ro l  

accuracy. 

-~ ~- ~~~ - _ _  

Accuracy of In- Fl ight  
Cal ibrat ion of Gyro and 0.065'/hr 
In t eg ra to r  D r i f t  

Residual In- Fl ight  
Cal ibrat ion Error 0.70 deg 

Table VI-22 P o i n t i n g  Errors From V0'75 Specifications 
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I f  an occul ta t ion  t i m e  of one hour per  o r b i t  i s  assumed, the  
2 lIGA point ing cont ro l  accuracy from Table VI-22 is (0.15) 

(O.OCS)* + (0.7012 ' = 0.72 deg. (The V0'75 requirement f o r  

YGA point ing cont ro l  accuracy i s  2.5 degrees when the  space- 

c r a f t  i s  not on celest ia l  reference. j 

+ 

For the case of t he  Venus mapper spacecraf t ,  the  base l ine  

3 meter antenna requi res  a point ing accuracy of 11.9 mrad 

(0.67 deg). 

of 9 mrad (0.515 deg). Therefore, t he  VO '75 spacecraf t  

e s s e n t i a l l y  beets the  Venus mapper basel ine requirements on 

antenna pointing. 

A 4 meter antenna requi res  a point ing accuracy 

Major point ing e r r o r  sources f o r  the  VO '75 spacecraf t  

must be iden t i f i ed  before recommendations t o  improve poin t ing  

accuracy can be made. According t o  reference 10, the  m j o r  

cont r ibu tors  t o  the  HGA point ing cont ro l  e r r o r  when on c e l e s t i a l  

reference and assuming in - f l i gh t  c a l i b r a t i o n  i s  the  l i m i t  cycle  

deadband, 61.4%; antenna azirnrth and e leva t ion  gimbal mechanical 

and e l e c t r i c a l  n u l l  o f f s e t s ,  9.5%; g i m d i  ac tua tor  reso lu t ion  

e r ro r ,  11.1%; gimbal ac tua tor  feedback pot  c a l i b r a t i o n  e r r o r ,  

7.5%; and resic'ual in - f l igh t  ca l ib ra t ion  e r ror ,  10.42 The per- 
centages are  ir, r e l a t i v e  percent of the mission requirement fo r  

VO '75 which i s  0.70 deg. 

t r i b u t o r  t o  the HGA point ing cont ro l  e r r o r  i s  gyro -rift.  

When on I R U  reference,  a major con- 

Based on the  preceding percentages, antenna accuracy can be 

improved by narrowing the  ACS deadband and by improving the ac- 

curacy of t h e  antenna gimbal servo. 

r a t e  can improve the  antenna point ing accuracy when on I R U  ref- 
erence. Tab le  VI-23 compares candidate modifications of the  V0'75 
ACS which would improve the  HGA point ing accuracy. A technique 

not mentioned previously,  appearing i n  Table VI-23, i s  RF i n t e r f e r -  

ometering. This technique is an adaptat ion of the Pioneer-Jupiter 

Gyros with a lower d r i f t  
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appl ica t ion .  

An immediate and inexpensive way t o  improve HGA p o i n t i n g  i s  t o  

reduce t h e  deadband s l i g h t l y  and improve t h e  servo accuracy. This  

w i l l  a s s u r e  t h a t  3 meter poin t ing  requirements will be m e t  and 

poss ib ly  4 meter antenna poin t ing  requiremerts  can be m e t .  

approach should be t raded o f f  with CMGs and r i t h  t h e  RF i n t e r f e r -  

m e t e r i n g  technique i n  f u t u r e  s t u d i e s .  

An improved antenna gimbal servo i s  s t i l l  requi red .  

This  

An example of how t h e  antennd poinLing servo can be improved 

i s  as follows. The VO ' 7 5  antenna cont ro l  system uses  d i g i t a l  

c o n t r o l  s i g n a l s ,  s t e p p e r  motors, and a feedback potent iometer ,  

a l l  of which may be sources  f o r  improvi-- t h e  servo accuracy. 

Ten b i t s  of a c t u a t o r  p ' s i t i o n  informat i  .-. is used t o  command t h e  

VO ' 7 5  antenna over a 204.6 degree range. This is equivalent  t o  

a 0.2 degree a rmand s t e p  sLze. There is room h e r e  f o r  improve- 

ment i n  accuracy i f  a r e g i s t e r  s i z e  g r e a t e r  thnn 10 b i t s  i s  used 

f o r  t h e  command s i g n a l .  
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Concl usi  ons and Recomnendati ons 

I n  conclusion then, Configuration A (shared antenna configurat ion)  

u t i l i z e s  the  present  Viking orbiter cold gas z t t i t u d e  cont ro l  sys- 

tem with some increase  i n  t h e  amount of gaseous ni t rogen onboard. 

The yaw t h r u s t e r s  are mved t o  the  o r b i t e r  bus body and the  

Canopus t racker  has been relocated.  

Configuration B employs the  e x i t i n g  Viking Orbi ter  ' 75  n i -  

trogen cold gas system f o r  ve rn ie r  d e l t a  ve loc i ty ,  booster separa- 

t i o n  rate reduct ion,  and f o r  CMG desaturat ion.  I n  add i t ion  a 5 

skewed simplc gimbal CMG system has been incorporated. As i n  

Configuration A, t he  yaw t h r u s t e r s  have been re loca ted  t o  the  

o r b i t e r  body and the  Canopus t racker  has re located t o  provide 

an unobstructed field-of-view. 
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Mass Properties Estimating Procedures 

This section covers the mass properties estimates and parametric 
data developed for this study. 

utilize Viking Orbiter (VO) '75 hardware to a m s i m u m .  

in Volume 11, the Orbiter bus structure and much of its equipmect 
is retained. Whenever possible mass estimates of new equipment 

is based upon VO '75 components. Thus providing estimates bzsed 

upon proven, currmt deslgn conepts for vhich detail mass data 

is available. 

One ground rule of tnis study is to 
As discussed 

Propulsior, - Three types of propulsion systems have been 

studied: versions of the VO '75, high performance Earth storable 
(310 I ) system, and space storable systems. 

SP 
VO '75 versions considered one to foul engines and both 

existing (off-loaded) and stretched tankage. 

data were developed for these variations for all propulsion- 

dependent hardware, including structure and thermal, pyrotechnics, 

cabling and engine activators, and are shown in Table VI-24. 

Data from this table gives the following apprt rimate propulsicn 

sizing equations: 

I Engine 

2 Engine 

3 Engine 

4 Engine 

Ma i s  properties 

= 71.35 + 0.133 M 

%Rap = 101.35 + 0.135 M 

KpROp = 108.77 + 0.137 M 

l ~ $ ~ ~ ~  = 138.32 + 0.140 M 

MPROP P 

P 

P 

P 
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Tabye VI-24 Propulsion Dependent Mass, V0'75 Tankage (ki lograrns) 

1 Engine 2 Engines 3 Engines 4 Engines 

(1 Engine (2 Engines (1 E..gine (2 En,ine: 
- Gimballed) Gimbal l ed)  G i n b a l l e d )  Gimballed) 

Fixed Mass 

V0'75 

S t ruc tu re  6 Thermal 
Engine Mount 
Thermal Attach 
Thermal Switch 

pyrotechnics 

Engine Actuator 

Propulsion 
Engin2 
I so l a t ion  Assembly 
Pyrotechnic I so l .  
P r e s s w i z a t i o n  Control 
Piping & Misc. 
Tankage Fixed Wt. 

Total 

Contingency 10% 
Trapped Propel lant  

Variable Mass 

St ruc tu re  & Thermal 
Thermal Blanket 
Tank Support 
Pressure Tank Support 

Cabling 

Propulsion 
Pressure Tank 
Pressure Gas 
Fuel Tank 
Oxidizer Tank 

Tota l  
Contingency 10% 

Tctal - 
Variable Factor 

4.94 
0.54 
1.95 
0.23 

2.49 

8.48 
11.34 

15.15 

3.08 
48.20 

4.82 
18.33 
71.35 

----- 
------ 

8.75 
11.88 

2.81 

3.36 

37.19 
4.22 

50.71 
50.71 

169.63 

16.96 

186.59 

0.1328 

7.55 
0.54 
3.86 
0.45 

4.99 

16.96 
22.68 ------ 
15.15 
.!a1 

3.08 
75.47 

7.55 
18.33 

101.35 

8.75 
3.1.88 

2.81 

6.21 

37.19 
4.22 

50.71 
50.71 

172.48 

17.25 

189.73 

0.1351 

9.52 
0.54 
3.63 
0.77 

2.44 

25.45 
11.34 

8.89 
15.15 

1.3v 
3.08 

82.22 

8.22 
18.33 

108.77 

8.75 
11.88 

2.81 

9.0? 

37.19 
4.22 

50.71 
50.71 

175.34 

17.53 

192.87 

0.1373 

12.70 
0.54 
4.54 
0.77 

4.99 

33.33 
22.68 
8.89 

15.15 
1.81 
3.08 

109.08 

10.91 
18.33 

138.32 

8.75 
11.89 

2.81 

11.93 

37.19 
4.22 

50.71 
50.71 

178.20 

17.82 

196.02 

0.1396 

NOTE: VO'75 Propel lant  Capacity 
Usable 1404.8 
Trapped 18.3 

Tota l  1423.1 
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Most of t h e  d a t a  i n  Table VI-24 came d i r e c t l y  from b a s i c  Viking 

O r b i t e r  data .  However, s e v e r a l  assumptions are made r e l a t i v e  t o  t h e  

a d d i t i o n  of engines.  One i s  t h a t  for  t h e  two engine conf igura t ion  

both engines w i l l  be gimballed,  for  t h r e e  eqgines only  one engine 

w i l l  be gimballed,  and f o r  four  engines t w o  o f  the  foui- w i l l  h e  

gimballed. The o t h e r  assumption i s  t h a t  i s o l a t i o n  valves  for  g i m -  

b a l l e d  engine w i l l  e x h  have i t s  own p a i r  of va lves  i d e n t i c a l  t o  

VO ' 75  u n i t s  and pyro va lve  i s o l a t i o n  assemblies  -11 be u s e d  f o r  

each p a i r  of f i x e d  engines  which r e q u i r e  a c t i v a t i o n  only  f o r  o r b i t  

i n s e r t i o n .  

A m a s s  estimate for Lhis pyro va lve  assembly, based upon t h e  

VO ' 7 5  components is shown i n  Table  VI-25 

Table VI-25 Pyro Valve Isolation Assembly Mass Estimte 

Pyro Valves, 3 @ 0.39 (per  V0'75) 1.17 

1.01 

0.20 
0.16 

T o t a l  Components 2.54 

S t r u c t u r e  Piping,  etc. . - (per  V0'75) 1.90 

F i l t e r  (capac i ty  increased  over V0'75) 

Low Pressure  Transducer (per  VO'75) 

Serv ice  Valve, 2 @ 0.08 (per  V0'75) 

T o t a l  Assembly 4.44 

k d n a n c e  Required, 3 @ 0.09 0.27 

T o t a l  Assembly inc luding  Ordnance 4.71 
~ - ~~~ ~ ~ 

Addit ional  items a s s o c i a t e d  with t h e  number of engines are 

cabl ing  and engine mounts. For t h i s  s tudy  t h e  mass of cab l ing  

is increased  d i r e c t l y  as t h e  number of engines.  The engine moun, 

mass is taken from t h e  curve, Figure VI-17. 
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I n  *dd,tion t o  t h e  approximate s i z i n g  f a c t o r s  shown, d e t a i l  

f a c t o r s  f o r  growth tank vers ions are developed using geometry of 

t he  VO'75 tanks and o the r  emperical parameters. 

mating technique and f a c t o r s  are sumrnarized i n  Table VI-26. 
The d e t a i l  esti- 

Table VI-26 D e t a i l  Tank Stretch Mass Estimating 

baseline V0'75 Reference S ize  

Usable Propel lant  

Tank Diameter 

Tank Length 

S t r a igh t  Section Length 

:2nk S t r e t ch  

M = M - 1404.8 
Ph P 

Tank S t r e t ch  Meters A L  = M /35.88 

New Tank Length 

S t r e t ch  Ratio R = L/1.372 

PA 
L =sL + 1.372 

Iass Factors  

% - Thermal Blanket = 8.75 R 

Mc - Cabling = MciR 

1L04.8 kg 

0.914 m 

1.372 m 

0.457 m 

Where si is  mass of cabl ing  f o r  p a r t i c u l a r  number 
of  engines i n  Table VI-24 

- Propel lant  Tanks = 83.42 + 1.268 L + 1 8 R  

% - Pressure Shel l  and gas = 0.0298 M 
Yrs - Propel lant  Tank Support (from Fig. VI-18 using M t?) 

P 

P - Pressure Tank Support (from Fig. V I - 1 8  c i n g  W 5 s  G 
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The high performance Earth storable (310 I 1 system was 
SP 

considered only to the extent of developing an approximate sizing 

equation. 
tetroxide and hydrazine. 
it vas only necessary to develop a new fixed weight. 

developed as foll3ws. 

The system is an Earth storable design using nitrogen 

Tankage used was the same as VO'75 so 
This was 

Engine (4448.2 newtons thrust) 19.50 

Engine &unt 10.88 
Isolation Assemblies (ixreased flow) 13.61 

Engine Actuators 5.44  

Thermal 2.81 

Pressure Control 15.15 

Contingency 10% 6.74 
Trapped Propellant 18.32 

Total Fixed 92.45 

This gives the following approximate sizing equation 

P 
sop = 92.44 + .133 M 

The epace storable propulsion system considered for this study 
uses fluorine(P2) and hydrazine (N2H4) with a nominal I 
3677.5 newton sec/kg and two 2668.9 newton thrust engines. 

oxidizer tank is fabricated of aluminum and the fuel tank of 

tit anium . 

of 
SP 

The 

To be able to develop propulsion system mass data for various 
size systems the point design masses were estimated and divided 

into fixed and variable items. Table VI-28 gives this division 

of all of the propulsion dependent items on the spacecraft. 
shown are the variation relationships for each variable item. 

The following approximate sizing equation c m ~ s  from data in 
Table VI-27. 

Also 

= 123.77 + 0.134 M 
%ROP P 
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5.44 

0.54 

0.45 

Table VI-27 Space Storable  S p e c i f i c  Sizing Factors 

5.44 

0.54 

0.45 

Item 

0.91 

37.19 

311.54 

St ruc ture  & Thermal 

Tank Support 

Press. Tank Support 

Eng. Mount 
Blanket & Shield 

Oxidizer Tank Foam 

Blanket Attachment 

0.91 

37.19 

93.93 217.57 

-- 

I 

Py a t  ec hn i c  s 

31.15 

342.69 

Cabling 

9.40 

103.37 

-- 

Att i tude  Control System 

20.40 

363.09 

Propulsion 

Pressure Gas 
Pressure Tanks 

Pressure Control 

Fuel Tank 

Oxidizer Tank 

Propel lant  Management 

I s o l a t i o n  Assy 

Piping 

Engines 

20.40 
_c_--_- - 

123.77 239.32 

Tota l  

Contingency 

Trapped 

TOTAL 

Mass (kilograms) 

rota1 Fixed Variable =El-- 
13.61 I 1 13.61 

9.07 

12.25 
7.98 

9.07 

12.25 
7.98 

6.39 

5.44 

10.97 

85.05 

18.14 

25.81 

44.18 

15.87 

12.25 

1.36 

5.44 

18.14 
2.72 

2.72 

12.25 

5.03 

iO.93 

85.05 

23.09 

41.46 

15.87 

21.75 

239.32 

Variat ion Factor 

M + % (curve Fig. 111-2) 

M,, + $ (cu;?re Fig. 111-2) 
P 

D/1.16 

D2/1 .  162 

(2 x D + 0.18)/2.49 

Mp/1807.6 ( inc l .  trapped) 

Mp/1807. 6 ( inc l .  trapped) 

Mp/1807.6 ( inc l .  trapped) 

$/1807.6 ( incl  . trapped) 

Mp/1807.3 ( inc l .  trapped) 

D * Diameter i n  Meters 
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RTG Power System Study - In order to study an RTG alternate 
power system, a computer run (cm) for a configuration of interest 
with V0'75 tankage was modified to develop mass properties of an 
RTG configuration. The average power requirement for this con- 
figuration is 490 watts. 

batteries is retained to handle peak power demand. To provide a 
one RTG out capability the following options are available: three 

250 watt RTGs, four 165 watt RTGs, five 125 watt RTGs. Currently 

development is under way on a 150 watt RTG with a mass of 31.75 kg. 
This unit could probably be modified to satisfy the four ETG case 
or used directly for the five RTG case. However, installation of 
four or five RTGs on a VO'75 bus, corsidering thermal and mounting 
location difficulties, appeared undesirable. 

This assumes one of the two V0'75 

Because RTGs in this size range are in the development 
stage the three 250 watt RTG configuration was assumed. 
experience has shown that RTG mass varies directly with wattage. 

Therefore a 250 watt RTGmass is estimated to be 60 kg. 
RTGs the 
and an estimated 106.6 kg of additional propellant would be re- 

quired. 
comparison of mass properties shown in Table VI-28 were used to 
check attitude control sizing. That check indicated no net change 
to the attitude control system. 

Past 

With three 
spacecraft will be heavier than the solar panel version 

This increase will still fit in the V0'75 tankage. The 

Thermal Control - The thermal control systems fo r  Venus Ur- 

bital Mappe-s vary for each configuration. However, they all con- 
sisted of the following elements: 
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Louvers used on 3 bays 
V0'75 mass = 0.816 kg each 

Heat pipes: mass per meter for heat pipes was developed as 

follows : 
Aluminum tube 1/2 in. x 0.035 
Attachment (aluminized epoxy) 0.0678 
Freon and wick 0.0286 - 

Tatal 0.187 5 kg/m 

0.0911 kg/m 

Total estimate wizh and without separate radiator follows: 

With Radiator Without Radiator 

Heat Pipes in Bus 
10.7 m x 0.1875 2.0 kg 7.0 kg 

Fittings and Lead 
to Radiator 0.27 0.73 

0.45 Helium Compensator I 

Total 2.27 kg 3.18 kg 

Mass per square meter :or radiators using heat pipes as the 

transfer medium is developed as follows assuming 0.15 meter spacing 
between pipes. 

2 Aluminum Plate (0.060) 4.20 kg/m 

Second Surface Mirrors (OSRs) 0.83 
Heat Pipes 1.22 

Back ftJe Insulation 0.68 
Misc. Freming and Fittings 0.88 

7.81 kg/m 2 Total 

Miscellaneous Item are estimated on a mass per square meter 
basis. 

Second Surface Mirrors (OSRs) 
Insulation 

2 

2 
0.83 kg/m 
0.68 kg/m 
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Comunications and Data Handling - Mass estimates for the c m -  
munications TWTA are based on the curve (Figure VI-19) of mass 
vs average output power, and asriumes redundant TWTAs, power supply, 

and other necessary electronic components. 
Two elenenta of data handling gear are added to all conIigui- 

Mass estimates are ations; an A to D converter and a video processor. 

based upon mass of cased u n ' ~  (adequate for the requirements) mod- 
ified to uncased configurations for insertion into the V0'75 bus: 

A to D converter 5 . 6 7  kg 

Video processor 7.53 kg 
Antenna Items- Mass estimates foi the various a-tennas and 

antennii mount and drive systems come from data on similar eBements 

from V0'75 and other sources. 

Two types of dish and hub designs are used. A rigid dish is 
used for antennas up to 3.66 meters diameter. A l l  larger d i s h e s  

and all Configuration C dishes are furlable mesh type. 

mates for rigid dishes are based upon the emperizal ecpatioii 
k$, = 0.32 -+ 2.7 A o * 7 5  developed fron analyses of a number of 
antennas. 
M,., includes approximately 0.45 kg of hub mass. 
antennas aye estimated on the basis of 0.39 kg per sqc'-*l meter 

antenna area plus 8.16 kg for unfurling mechanism. 

Mass esti- 

In this equation X = dish area in square meters and 
The mass of furlable 

Antenna feed weight was estimated based upon the particiiLar 

antenna as follows: 

Share Antenna 1.81 kg 

Dedicated Radar Antenna 1.81 kg 
Tower Mounted Radar Antenna 1.36 kg 
Communications Antenna 3m 1.36 kg 

Ccmmun ica t ions An terina 4m 1.59 kg 
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There are t h r e e  b a s i c  antenna support  and d r i v e  mechanisms 

used for m a s s  e s t i m a t i n g  purpotes .  These are ca tegor ized  a s  

deployment booms, f i x e d  support ,  and c e n t e r  tower. The follow- 

ing roass e s t i m a t e s  f o r  t h e s e  designs are der ived  from V0'75 
high gain antenna. 

The deployment born c o n s i s t s  of: 

Upper Ci-dbal 3.22 kg 

Hovs i n g  2.22 

A r t  i c u l a  t i o n  Drive 0.73 
Waveguide Swivel 0.27 

Boom 5.12 

Waveguide 1.13ffi) 2.26 

L o w e r  Dri-ve 2. 
\ 

Hocsing 1.13 

A r t i c u l a t i o n  Drive 1.54 

Waveguide Swiqel 0.27 
Lower Drive Support 

Long Support 4.08 

(Drive p o i n t  0.61 m from k s  

Short  Support 2.04 

(Drive p o i n t  0.1 m from Bus 

A con f i g u i  4 t ion 

a l l  bGt A conf igura t ion)  

Launch Latch 3.22 
Mechanism (per V0'75) 0.95 

Truss Suppc-t 2.27 - -.^-_I 

T o t a l  with Long Support 18.58 kg 
Total with Short  Support 16.54 kg 
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The fixed antenna support required for the dedicated radar 

antenna is estimated at 1.81 kg. 

Sane radar antenna concepts considered mount to a central tower 
on the centerline of the Orbiter bus. The antenna short dimension 

determines the height of this tower. Mass estimates for these 

towrs for representative tower heights are s m r i z e d  below: 

Overall Tower Height (meter) 0.89 1.57 1.88 

Upper Drive (mass kg) 2.49 2.49 2.49 
(Articulation .53, waveguide 
-27 kg) 

Lower Drive (mss kg) 
(Articulation 1.54 kg, 
waveguide .27 kg) 

3.40 3.40 3.40 

'Jpper Mast 2.73 5.12 6.21 

Structui e 2.0 3.58 4.31 

Wavegu i de .73 1.54 1.90 

Lower Hast(Wavegui5e 2.5) 3.17 3.17 3.17 

TOTAJ. 11.79 14.18 15.27 

Radar Electronics - Xada; electronics mass estimates utilize 

JPL travelling wave tube estimating equations. 
are given in Table VI-29 

These equations 

Table VI-29 Radar Electronics Weight Estima:e Equations 
- -  

TKT = 0.55 (A/0.3) 0.4(p)00 6 
-0.28 High Voltage Power Supply = 4 . 5 5  + 0.455 (P/o.~IO*~ (A/0.3; 

Modulator = A Constant = 3.18 kg 

Energy Storage Capacitor = 34,5/PW (P/0.4) (A/0.3) 
Fil.ament Current Supply = Constatt = 1.36 kg 

Clutte lock an3 Beaxti Sp!itter = Constant = 1.5 kg 

Receiver = Constant = 1.18 kg 

Miscellaneous = 3% of above 

-0.57 

w,,are: A = wavele.igth = C.l for this study 

P = average power = watts 
PRF = pulse repetition fraquency - 

-_ 
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Ibdar Altimeter - The Viking Lander radar a l t imeter  was 

assuued f o r  mass estimating purposes, with the  addi t ion of co-ax 

interconnect between the  e lec t ronics  and the  antenna as follows: 

Radar Electronics 4.58 kg 
Antenna 0.59 

Co-ax Cable 0.73 

Total  5.90 kg 

At t i tude  Control Systk- - The attitude cmtrol system can be 

considered in two parts; the  sensing and computing systeu and 

the  maneuverin2 system. For t h i s  study mass of the sensing 

and canputing system is  assumed iden t i ca l  t o  the V0'75 except 

t ha t  fo r  configurations where a 1.36 kg ro t a t ion  device w i l l  L e  

required on the  Canopus sensor. Sensins and c m u t i n g  elements 

mass are contained in the weight of the s t r ipped  bus. 

Early s tud ies  considered two types of mass expulsion maneuver 

systems; cbld gas and dual mode hydrazine thw$ter/plenum, and 

two types of m a  exchange systems; control  moment gyros and 

react ion uheelfi. 

m a s s  estimate8 and other  considerationr.  Therefore, d e t a i l  mass 

estimatinq da ta  was developed €or only the  cold gas N2 system and 

the 5 gyro US s y s t r .  

T w  of these were eliminated based upon approximate 

l a b l e  VI-30 giver a typ ica l  mass est imate  af an N maneuver 2 
system. 

appears q t h m  for 'onfigurations which have treater maneuver 
requrremeut. An I gas s;vstem is used for gyro desaturation. 2 
A t y p i c a l  momentum exchange system mass estir-ate is given i n  

Table VI-31. 

The ament- exchange system uring control mment gyros 
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Table VI-30 Attitude Control Maneuver System 
Mass Expulsion Type 

Typical Estimate Calculation 

I Gas Required fraa Calculations 

Sample Mass Calculation - kg 

Times Factor of 2 

Ullage and Leakage 5% 

Total Gas 

Gar Spheres 8.69 x 1.23 

Sphere Supports (in bus) 

Pressure Module 2 @ 2.653 

Nozzles 
h + X  6 @ 0.193 = 1.16 

h - x  6 @ 0.193 = i .16  

O a + Y  4 @ 0.193 = 0.77 

a n - Y  4 @ 0.193 = 0.77 

( 1 . 5  kg i n  stripped orbiter)  

Piping 
On X Axis 2 @ 0.73 = 1.46 

On P Axis 2 @ 0.45 f 0.91 

4.14 kg 

8.28 

.41 
8.69 

10.69 

5.31 

2.37 

(1.36 kg i n  stripped orbiter)  

TOTAL SYSTEM 30.92 
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Table VI-31 Att i tude Control Maneuver System Energy Exchange Type 

Mass (kg) 

5 n t r J l  h e n t  G y r s ,  5 @ 2.55 

(from Figure VI-20, ' - . 5  n-m-sec) 12.75 

M Elec t ronics  10.00 

Syro Desaturation Systen 

Tota l  G a s  Provided 14.00 

Spheres, 14 x 1.23 17.22 

High Pressure tbdvles  5.31 

Nozzles, 1 2  @ -193 2.32 

Piping, 2 C. .7? 
(1.5 kg nozzle; and 1.36 kg piping 

i n  s t r ipped  o r b i t e r )  1.46 

r u m  SYSTEM 63.06 

Total Vehicle Estimates - The f i r s t  s t e p  of a t o t a l  vehic le  

cstimate is t o  develop a non-propulsion dependent m a s s .  When t h i s  

h a s  been achieved t h e  propulsion dependent m a s s  and required pro- 

puls ion is  estimated using approximatz s i z i n g  equations and requi ied  

d e l t a  V f o r  t he  f i r s t  i t e r a t i o n ,  and d e t a i l  s t r e t c h  or s i z i n g  

fac tors  fo r  later i t e r a t i o n s .  T n i s  is a tedious i t e r a t i o n  process 

and w i l l  not  be shown i n  t h i s  report .  However, a l l  of t he  mass 

data  required t o  perform the  i t e r a t i o n  are shown i n  t h i s  s ec t ion  

and the  d e l t a  V da ta  is given i n  Section 111. 
required is less the? V0'75 capaci ty  (1404.8 kg usable)  the  f u l l  

vO'7.5 tankage is used. 

When propel lan t  
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Momentum - Newton Meters Second 

Figure  VI-20 Control Moment Gyro Mass Est imating Curve 



V 1-86 

Propel lant  mass ca lcu la t ions  are based on norniiial I of 
SP 

2856.7 N-sec/kg f o r  VO'75 propulsion systems and 3677.5 N-sec/kg 

f o r  space s t o r a b l e  propulsion systems when opera t ing  as a b i -  

propel lant .  A nominal I 

s t o r a b l e  systems opera t ing  i n  the  monopropellant mode. 

percent  of the  nominal usable  propel lant  i s  assumed as reserve. 

This reserve is p a r t  of t he  propel lan t  value shown i n  Table 

VI-27 (Vol. 11) and i s  assumed unburned i n  the  burn out  condi- 

t i o n s  of Table VI-28 (Vol. 11). 

made f o r  t h ree  m i s s i o n  phases, midcourse, o r b i t  i n se r t ion  and 

o r b i t  trim. For midcourse the  space s to rab le  system operates  i n  

a monopropellant mode, and t h e  V0'75 system is operated on only 

gimballed engines. F u l l  power from a l l  systems is require.? For 

o r b i t  inser t ion .  Orbi t  trim is assumed Recessary f o r  c i-. <;-e 
e = b.5 o r b i t s  and aga in  only gimballed engines are used. 

of 2255.3 N-sec/kg is used for  space 
SP 

Two 

Propel lant  ca l cu la t ions  are 
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VII, PRELIMINARY EVALUATION OF COMPATIBLE GROUPINGS 

INTRODUCTION 

The choice of a n  appropr ia te  mission and system d e s i g n  f o r  a n  

o r b i t a l  radar  mapTer of Venus is based on a combination of many 

systems compromises. There a r e  s t r o n g  i n t e r a c t i o n s  between t h e  

mapping s t r a t e g i e s  s e l e c t e d ;  such a s  frequency, coverage and reso-  

l u t i o n  on t h e  one hand, and t h e  mission des ign  parameters of orb i ,a l  

e c c e n t r i c i t y  and p e r i a p s i s  a l t i t u d e  on the o ther .  The f i n a l  choices  

of these  mission design parameters i n  t u r n  a f f e c t  t h e  s e l e c t i o n  of 

subsystem a l t e r n a t i v e s  f o r  t h e  r a d a r  antenna, power, a t t i t u d e  con- 

t r o l ,  d a t a  handling, connrmnications and propuls ion,  It is f o r  these  

reasons then, t h a t  t h e  e a r l y  p a r t  of the  s tudy  addressed i t s e l f  t o  

t h e  parametr ic  e v a l u a t i o n  of t h e  v a r i o u s  mission and system t r a d e o f f s  

i n  order  t o  d e f i n e  boundary c o n d i t i o n s  and l i m i t i n g  designs.  The 

b a s i c  syztem and mission parametr ic  d a t a  t h a t  have been generated 

are i n t e g r a t e d  i n t o  compatible mission and system groupings. Alto-  

g e t h e r ,  twenty-six combinations of r a d a r  system f requencies ,  map- 

p ing  s t r a t e g i e s ,  o r b i t a l  e c c e n t r i c i t i e s  and antenna designs a r e  con- 

s idered .  These twenty-six Compatible groupings are configured intc! 

f i v e  s p a c e c r a f t  c a t e g o r i e s .  Four of t h e  f i v e  s p a c e c r a f t  concepts  

u t i l i z e  t h e  b a s i c  Viking O r k i t e r  conf igura t ion ,  while  the f i f t h  

concept employs an outer  p l a n e t s  s p a c e c r a f t  conf igura t ion .  

The f o u r  concepts which u t i l i z e  t h e  b a s i c  Viking O r b i t e r  config-  

u r a t i o n  have been developed t o  assess the system impact of v a r i o u s  

combinations of radar  and comnunications subsystems. The four  con- 

c e p t s  evaluated a r e :  a shared parabol ic  antenna design,  a shared 

r e c t a n g u l a r  antenna,  an  a r t i c u l a t e d  radar  ancenna combined wi th  a 

f ixed  c o m u n i c a t i o n  antenna, and a f ixed radar  antenna combined 

wi th  a n  a r t i c u l a t e d  cmmunicat ions antenna. The shared parabol ic  
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antenna concept necess i t a t e s  t h a t  the radar system be l imited t o  

L-band frequencies i n  order t o  meet PRF and cqverage cons t r a in t s .  

Since the use of L-band is not optimum from a $cience s tandpoint  

t h i s  concept has been de-emphasized from fu r the r  study. 

ulated radar  antenna concept wi th  a fixed cournu?ications antenna 

yielded packaging and a t t i t u d e  poic t ing  problems which el iminates  

i t  as a v iab le  study concept. 

\ 

I 

The a r t i c -  

The outer  p lane ts  spacecraf t  concept has been s tudied t o  eval-  

ua te  the systems impact of using KTGs as the primary spacecraf t  

power source. This concept a l s o  has been de-emphasized from fu r the r  

study because of the  weight and environmental problems associated 

wi th  the use of RTGs a s  w e l l  as the at tendant  problems derived from 

the requirements f o r  an  ear th-f ixed a t t i t u d e  and the necessi ty  of 

developing an e n t i r e l y  new spacecraf t .  

The remaining two spacecraf t  concepts ; the shared rectangular  

antenna and the  f ixed radar antenna with an a r t i c u l a t e d  comunica- 

t i ons  antenna, a r e  ca r r i ed  through the study and expanded as required 

; 3  develop an  acceptable mission. The izpact  of eccen t r i c i ty ,  da ta  

processing l eve l  and frequency were defined f o r  these concepts. The 

c o s t s  of adding dual frequency, dual po lar iza t ion ,  mult iple  viewing 

angles ,  and f ine  reso lu t ion  mode were a l s o  assessed. 

SPACECRAFT STUDY CONFIGURATIONS 

Five major ca tegor ies  of spacecraf t  designs have been iden t i f i ed  

during the systems and mission parametric phase of the s tudy.  

basic  goal of each of these a l t e r n a t i v e  Spacecraft  designs is: 

do we maximize the spacec ra f t ' s  pay- lad capab i l i t y ,  while a t  the same 

time minimize the spacec ra f t ' s  t >La1 weight?' 

course,  i s  the po ten t i a l  program cos t  savlngs t h a t  may be achieved 

while s t i l l  de l iver ing  adequate payloads f-9 s a t i s f y  the basic  mission 

The 

"How 

The incent ive,  of 
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requirements.  I n  keeping wi th  t h i s  philosophy then,  t h e  des igns  t o  

be s t u d i e d  are s e l e c t e d  on the  b a s i s  of adequate  payload c a p a b i l i t y ,  

existing systems u t i l i z a t i o n ,  minimum modi f i ca t ions  required t o  be 

made t o  e x i s t i n g  payload d e l i v e r y  systems (VikingfMariner and Outer 

P l a n e t s  classes of  s p a c e c r a f t ) ,  and t h e  f l e x i b i l i t y  of payload usage 

(i.e.,  i d e n t i f i c a t i o n  of  i nc reased  system complexity f o r  adding m i s -  

s i o n  v e r s a t i l i t y  and i n c r e a s i n g  sc i ence  enhancement) . 
Table V I I - 1  p r e s e n t s  t he  f i v e  b a s i c  des ign  op t ions  t h a t  have 

been i d e n t i f i e d  du r ing  t h e  systems and mFssion parametr ic  s tudy .  

Each of t h e  d e s i g n  op-ions presented meet a l l  s tudy  o b j e c t i v e s  and 

g u i d e l i n e s ,  and are a l l  capable  of accomnodating t h e  range of m i s -  

s i o n  parameters desc r ibed  i n  S e c i i o n  111. 

Table VII-1 Spacecraft Options Considered 

A .  A s i n g l e  a r t i c u l a t e d  p a r a b o l i c  antenna t h a t  i s  shared 
between t h e  mapping and c o m u n i c a t i o n  subsystems. 

B. A s i n g l e  a r t i c u l a t e d  r e c t a n g u l a r  antenna t h a t  is shared 
between t h e  mapping and communication subsystems. 

C .  A f ixed  r a d a r  antenna w i t h  a n  a r t i c u l a t e d  communications 
antenna 

D. A f ixed c o m u n i c a t i o n s  antenna w i t h  a n  a r t i c u l a t e ?  r a d a r  
antenna. 

E. A n  outer  p l a n e t s  type v e h i c l e  w i t h  a f ixed  commuiica- 
t i o n s  antenna and a n  a r t i c u l a t e d  r a d a r  antenna.  

Re r r i n g  t o  t h e  f ive  b a s i c  des ign  o p t i o n s  A through E i d e n t i ~ i e d  

i n  T a b l t  V I I - 1 ,  Option A ,  the  shared p a r a b o l i c  antenna concept f o r c e s  

t h e  r ada r  system t o  L-band f r equenc ie s  i n  o rde r  t o  meet PRF and cov- 

erage c o n s t r a i n t s .  

d e s i r a b l e  from a s c i e n c e  s t andpo in t  t h e r e f o r e  t h i s  d e s i g n  opt iot l  is 

not  carried forward i n t o  the d e t a i l e d  c o n f i g u r a t i o n a l  s t u d l e a .  

Option D, y ie lded  r e l a t i v e l y  complex packaging and poi! Ling Droblems 

and thus  it too  i s  not eva lua ted  i n  d p t a i l .  Option E whicl. was gen- 

e r a t e d  t o  r e f l e c t  t he  p o s s i b l e  use of a n  o u t e r  p l a n e t s  type of 

The use of L-band frequency is  not e n t i r e l y  
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v e h i c l e  with RTGs a s  a power source has been de-emphasized because 

of t he  weight and environmental problems a s s o c i a t e d  wi th  R T G s ,  as 

well  as po in t ing  problems der ived from t h e  requirement € o r  an Earth-  

f ixed  a t t i t u d e .  The remaining two o p t i c n s ;  Options B and C ,  a r e  

c a r r i e d  through che d e t a i l e d  spacecraf ;  i n t e g r a t i o n  s t u d i e s  and are 

descr ibed i n  d e t a i l  i n  the fol lcwing s e c t i o n s .  

Many subsystem implementation a l t e r n a t i v e s  have been evaluated 

f o r  the two op t ions  examined, each of wbich s a t i s f i e d  the mission 

op t ions  t h a t  were developed du r ing  the parametr ic  e v a l u a t i o n  phase 

of the s tudy .  Each of t hese  imclementaticn a l t e r n a t i v e s  have been 

eva lua ted  t o  some degree t o  a s s e s s  t h e i r  impact on tile t o t a l  space- 

c r a f t  i n t e g r a t i o n  problem. However, t o  prepare c o n f i g u r a t i o n a l  lay- 

o u t s  of each of  t hese  poss ib l e  a l t e r n z t i v e s  would obviously have 

been p r o h i b i t i v e .  Thus, t h e  approach has been t o  u t i l i z e  the  recom- 

aendcci subsystem conf igu ra t ions  t h a t  r e s u l t  from t h e  ind iv idua l  sub- 

;yst.em parametr ic  s t u d i e s  and t o  i n t e g r a t e  therr i n t o  an o v e r a l l  

sr-4cecraf t  con f igu ra t ion .  The r e s u l t i n g  c o n f i g u r a t i o n a l  l ayou t s  

t hen ,  should bc considered as r e p r e s e n t a t i v e  of a s p a c e c r a f t  t h a t  

would s a t i s f y  the LWO general  c l a s s e s  of op t ions  c o r s i d e r e d ,  v i z ,  

t h e  shared and dedicated antenna o p t i o n s .  

Shared- Antenna Conf igurat ion 

The shared antenna s p a c e c r a f t  c o n f i g u r a t i o n  13 shown i n  Figu1.e 

V I I - 1 .  The confLguration shown i s  s i zed  f o r  a n  e 0.5. It COCI- 

s i s t s  of the b a s i c  Viking O r b i t e r  s t r u c t u r e ,  both the oc t agcna l ly  

shaped bus and propuls ion irtodul and t h e  adap te r  t r u i p s  which a t t a c h e s  

t h e  o r b i t e r  t o  the T i t a n  III/Ccsntaur launch v e h i c l e .  

a t t a c h e d  a t  the s h o r t  s i d e  uf t he  bus t o  provide support  f o r  two 

Out r igge r s  a r e  

s o l a r  panels  a t  t n e i r  hinge - i n e .  The so lar  dr rays  

mounting hrea of 7.6 m2 and gene ra t e  870 W of g r o s s  

o r b i t .  A symmetrically c u t  pa rabo l i c  antenna,  3.05 

meters ,  is a t t a c h e d  t o  the b a s i c  o r b i t e r  bus a; the 

have a t o t a l  c e l l  

power i.n Venue 

meters by 1 . 7 5  

same attachment 
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poin ts  as the  present  Viking '75 Lander is mounted. 

propulsion system is the bas ic  Viking Orbi te r  system with two 1330 

n t  (300 lbf )  t h r u s t  engines instead of t he  single one used i n  Viking 

'75. 

The primary 

The s o l a r  a r r a y  assembly cons i s t s  of a f ixed two panel a r r ay  

located 180a apart and mounted t o  the  sho r t  s ide  of the o r b i t e r  bus 

by means of out r iggers .  Cable harnesses and a t t i t u d e  cont ro l  plumb- 

i n g  are routed on the  out r iggers  t o  the s o l a r  panels .  The ce l l  sur-  

face is a s i n g l e  sk in  on t ransverse corrugat ions supported on beams. 

The panels are folded down and t h e i r  t i p s  a r e  supported by the  space- 

c r a f t  adapter  during launch. 

tiedown t o  a t t enua te  v ib ra t ion  response of the  panels.  

m i u m  b a t t e r i e s  are used as a secondary source of puuer  during periods 

of Sun occul ta t ion.  

A damper assembly is provided a t  t h i s  

Nickel cad- 

The 3.05 meter by 1.75 meter symeetr ical ly  c u t  parabol ic  shared 

antenna is mounted on the upper sur face  of t he  Viking o r b i t e r  bus 

by means of an antenna boom arrangement with a b i ax ia l  r o t a t i o n  

j o i n t .  

and obs t ruc t ion  of o p t i c a l  sensor f i e l d s  of view by any point ing 

$s i t i on  of the  antenna, 

commrnications and is a r t i c u l a t e d  wi th  two degrees of freedom. 

S-band frequencies are used f o r  mapping purposes while X-band is 

employed f o r  da ta  transmission t o  Earth.  

hydrazinelplenum type of system employing four  c l u s t e r s  of th ree  

t h r u s t e r s  each mounted on the t i p  of each s o l a r  panel.  

ters are located on the  o r b i t e r  bus. Total  impulse requirements 

a r e  approximately 13560 n-sees. Four systems were i n i t i a l l y  examined 

f o r  a shared an tenm -onfiguratLcn. These were: a ni t rogen cold 

gas wi th  yaw t h r u s t e r s  on a boom, and CMGs combined wich a nitroger.  

cold gas system. 

Care has been taken t o  preclude shading of t he  s o l a r  a r r a y  

This antenna is used f o r  both mapping and 

Three-axis a t t i t u d e  cont ro l  of t he  vehic le  i s  provided by a 

Yaw thrus-  

The ni t rogen cold gas system weight was found t o  
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be prohib i t ive  (224 kg) therefore  it w a s  eliminated from fu r the r  

consideration. 

a w i g h t  standpoint,  

the  recomrended ACS system s ince  it  is a n  operational system and 

needs only t o  be f l i g h t  qua l i f i ed .  The propel lant  f o r  the ACS sys- 

t e m  is housed i n  spher ica l  b o t t l e s  located within the octagon shaped 

bus s t ruc ture .  

The remaining three  systems were ccmpetit ive from 

The hydrazine plenum system was se lec ted  a s  

Celestial sensors comprised of a Canopus sensor,  c ru i se  and 

acqu i s i t i on  Sun sensors ,  Sun gate ,  and a s t r a y  l i g h t  Seiisor, are 

mounted on the  appropriate  s ides  of the bus and s o l a r  panels t o  

meet the  required f i e l d s  of view of the instruments. 

The ine r t i a '  reference u n i t s  cons is t ing  of gyros , i n e r t i a l  

sensors and e l ec t ron ic  cont ro ls  are a l s o  mounted within the o r b i t e r  

bus s t ruc tu re  

The primarl propulsion system is the  bas ic  Viking o r b i t e r  sys- 

It cons i s t s  of two cy l ind r i ca l  propel lant  tanks which a r e  tem. 

at tached by a network of trusses. 

g ra t e  the p-opulsion tankage and provide the primary load path and 

attachment in t e r f ace  between the  assembled propulsion module and 

the bus S t ruc ture  assembly. 

a n  o r b i t a l  e c c e n t r i c i t y  of 0.5 the  propel lant  requirement is approx- 

imateJp 245 kg less than is required f o r  the basic  Viking '75 mis- 

sion.  The p r e s s u r a x  tank assembly cons i s t s  of a s ing le  spherical  

tank containinb helium f o r  pressurizing the propel lant  tank and is 
located i n  the upper port ion of the propulsion module assembly be- 

tween the  two propel lant  tanks. 

a t taches  t o  the propel lant  tanks and loca tes  t h e  two engines on the 

spacecraf t  2 axis. Two engines instead of one (used fo r  the Viking 

' 75  mis ion) are required f o r  the Venus Mapping Mission i n  order t o  

reduce the o r b i t  i n se r t ion  burn durat ion.  Later  f i n i t e  burn loss 

s tud ie s  discussed i n  Volume I1 require  three eng:,ies. 

These t ru s ses  s t r u c t u r a l l y  in t e -  

For t h i s  spacecraf t  configurat ion and 

The engine support s t ruc tu re  
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Electronic  assemblies are housed within the eight-s ided bus 

s t r u c t u r e  assembly. 

1.4 meters i n  width. 

e l ec t ron ic  assemblies and four smaller bays, c e n t r a l l y  located on 

each long s ide ,  are equipped with s t r u c t u r a l  c losures  and mounting 

provisions f o r  in te r fac ing  mechanical equipment. Where possible  

the  black boxes required t o  support  the ra'Jar and comnunications 

subsystems wobld be in s t a l l ed  i n  these equipment compartments i n  

space now occupied by Viking Orbi te r  components t h a t  are not 

required f o r  t h i s  mission. Provisions have been made, however, 

to a l s o  house t h i s  equipment ex te rna l  t o  tne basic octagon o r b i t e r  

bus i f  required. 

2ompartments are approximately -51 meters and 

Twlve  standard s i z e  bays are provided f o r  

The thermal cont ro l  design approach employs the  "enclosure 

concept'' whereby the  equipment compartment is p a r t i a l l y  i so l a t ed  

from the thermal e n v i r o m n t  by the use of mult i layer  i n su la t ion ,  

and p a r t i a l l y  coupled to it by a rad ia tor .  

r ad ia to r  is highly reflective i n  t h e  s o l a r  wavelength (0.25 t o  0.75 

microns), i n  order to  minimize the  e f f e c t s  of the ex terna l  environ- 

ment, which is "hot" i n  the s o l a r  wavelength only. 

face area requirements a r e  approximately 1.8 m. 

thermal t r ans i en t s  encountered i n  o r b i t  are due Lo the  r e l a t i v e l y  

high peak-to-average in t e rna l ly  generated power during the mapping 

and r e l ay  phases. 

the compartment, thus making the e n t i r e  thermal mass of the  com- 

partment e f f e c t i v e  i n  smoothing out these in t e rna l  temperature 

t r ans i en t s .  

The sur face  of the  

Radiator sur-  

The pr inc ipa l  

An in t e rna l  hea t  pipe is used t o  "isothermalize" 

The weight of the shared antenna concept is summarized i n  Table 

VII-2 a t  the subsystem l eve l .  Useful weight i n  o r b i t  which is 

defined as the  t o t a l  spacecraf t  weight sans propulsion i n e r t s  and 

propel lants  is approximately 960 kg. Total  in jec ted  weight is 

2460 kg . 



Table VII-2 Shared Antenna Concept Weight Statement 

Structure ,  PIech. Devices, Thermal Control 

Radar and Antenna 

Comunications 

Processor/Recorder 

Comaand Receiver/Md/Derod 

At t i tude  Control/Corand Computer 

At t i tude  Control Propel lant  

Cabling 

Power 

Py ro technics 

Contingency 

Spacecraft Weight (usable weight in orbit) 

Propulsion I n e r t s  

Propellant 

Injected Weight 

W t  ( 4 3 )  

260.0 

52.0 

40.0 

18.7 

13.7 

95.0 

32.0 

52.9 

322.0 

5.5 

69.0 

960.8 

219.0 

1280.0 

2459.8 

Dedicated Antenna Configuration 

The dedicated antenna spacecraf t  configurat ion is presented in 

This concept a l s o  uses a modified Viking o r i b t e r  a s  Figure VII-2. 

the bas ic  s t r u c t u r a l  configuration. 

(2) meter parabolic comnunication antenna which is a r t i cu la t ed  with 

two degrees of freedom and a fixed symnetrically cu t  parabolic radar 

antenna. 

Two antennas are used, a two 

The mapping phase of the mission is accomplished by 
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pointing the  spacecraf t .  The s o l a r  a r rays  are iden t i ca l  t o  those 

u t i l i z e d  f o r  the sbared a r r ay  concept. 

The pover subsystem cons i s t s  of the s o l a r  a r r ay  assembly, 

nickel-cadmium batteries, power conditioning and regulat ion equip- 

r e n t  and pouer d i s t r i b u t i o n  assembly. An addi t iona l  complew *t of 

batteries are required compared t o  the shared antenna concept due 

t o  tbe  fact that when t he  spacecraf t  i s  pointed toward the planet  

during the  mapping phase of the mission the  s o l a r  a r r a y  is off  the 

Sun l i n e  requi r ing  addi t iona l  ba t t e ry  usage. 

The radar  antenna is a 3.05 meter by 1.75 meter symnetr ical ly  

c u t  parabolic and is mounted on one of t he  sho r t  s ides  of the e ight -  

sided bus s t ruc ture .  

possible sbading of the solar array.  

f o r  ampping purposes. 

Location of t h i s  antenna is  such t o  preclude 

S-band frequencies a r e  used 

The commnications antenna is a two (2) meter parabolic antenna 

mounted on tk:d upper surface of the  Viking o r b i t e r  bus i n  the same 

fashion as the  shared antenna configurat ion.  

ulated with two degrees of freedom. 

mission to  Earth. 

This antenna is ar t ic-  
X-band is used f o r  da t a  t rans-  

Unlike the shared antenna concept, three-axis  a t t i t u d e  cont ro l  

is provided by a combination of control  moment gyros (CMGs) and 

GNz. 
were, a nitrogen cold gas system, hyclrazine/plenum and CMGs and 

ni t rogen cold gas. The system weights for these concepts were: 

551 kg, 211 kg and 109 kg, respect ively.  Although the se lec ted  

system is probably the most canplex of the s y s t e m  studied,  i t  was 

recammended because of its very subs t an t i a l  weight advantage over 

the other  systems. 

c l u s t e r s  of three t h r u s t e r s  each mounted on the t i p  of each so la r  

panel. Yaw th rus t e r s  a r e  located on the o r b i t e r  bus. Vehicle 

maneuvering is perfornred i n  p i t ch  and r o l l  t o  take advantage of 

Three systems were studied f o r  possible  appl ica t ion ;  these 

P i t ch  and r o l l  control  is provided by four 
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the l a rge r  wament arms. Total  impulse requirements a r e  39840 
n-secs, or approximately three times la rge r  than the requirements 

f o r  t h e  shared antenna concept. 
must be maneuvered between the mapping and comunicat ion phases 

r a the r  than j u s t  moving the antenna as w a s  the case i n  the shared 
antenna version. 

This is because the total  vehicle  

Celestial sensors,  comprised of a Canopus sensor,  c ru i se  and 

acquis i t ion  Sun sensors,  Sun gate,  and a s t r a y  l i g h t  sensor,  are 

mounted on the appropriate  s ides  of the  bus and s o l a r  panels t o  

meet the  required f i e l d s  of view of the  instruments and t o  e l i m i -  

nate interference from the s o l a r  panels. Propel lant  f o r  the ACS 

system is housed i n  spher ica l  b o t t l e s  located within the bus s t ruc-  

ture .  The i n e r t i a l  reference u n i t s  cons is t ing  of gyros, iner t ia l  
sensors and e l ec t ron ic  cont ro ls  are a l s o  mounted wi th in  the o r b i t e r  

bus s t ruc ture .  

As i n  the shared antenna concept the primary propulsion system 

is tne bas ic  Viking o r b i t e r  system with two 1330 n t  (300 lb f )  t h r u s t  

engines. 

for the basic  Viking '75 mission, approximately 1165 kg. 
Again the  propel lant  requirement is less than is reqcired 

The spacecraft e lec t ron ic  assemblies a r e  contained within the 

eight-sided bus s t ruc tu re .  

volume was ava i lab le  wi th in  the present o r b i t e r  equipment compart- 

ments t o  house the addi t iona l  radar  and comnunications components. 

Provisions have been made, i i j ~ t r  'er, t o  a l s o  house t h i s  equipment 

ex terna l  t o  the bas ic  bus i f  required.  

An i n i t i a l  study indicated tha t  edequate 

The thermal cont ro l  subs,stem u t i l i z e s  the same radiaeor  con- 

cept  as the shared antenna configuration except that the or ien ta-  

t i o n  of the Sun in r e l a t i o n  to  the  spacecraf t  does not remain 

constant  during the mission, therefore ,  a l a rge r  (2.1 w ) r ad ia to r  

surface is required. 

2 
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The weight of the dedicated antenna concept is sunmarized i n  

'Jseful weight of the space- Table VII-3 a t  the subsystem level.  

c r a f t  i n  Venus orbit (e =: 0.5) is approximately 963 kg. 
injected weight is 2468 kg. 

Total 

Table VII-3 Dedicated Antema Concept Weight Statement 

S t r w t u r e ,  Me&. Devices, Thermal Control 

Radar and Antenna 

Colmnunications and Antenna 

P r  oc es s or /Recorder 

Caennand Receiver/Mod/Demod 

Atti tude Control/Command Computer 

Att i tude Control Propellant 

Cabling 

Power 

Pyrotechnics 

Contingency 

Spacecraft Weight (usable w t  in o rb i t )  

Propulsion Ine r t s  

W t  (as) 
270 .O 

48.0 

so.0 

20.0 

13.7 

9s.c 

14 .O 

52.5 

324 .O 

5.5 

70.0 

962.7 

220 .o 

Propellant 1285 .O 

Injected Weight 2467.7 L J 
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VI11 . CONCLUSIONS AND CONCERNS 

INTRODUCTION 

The p r i n c i p a l  conclusions drawn from t h e  parametr ic  s t u d i e s  

are sumnarized i n  t h i s  s e c t i o n .  

These s t u d i e s  have demonstrated t h e  f e a s i b i l i t y  of us ing  a 

minimally modified Viking O r b i t e r  t o  accomplish a radar  mapping 

mission t o  the  p lanc t  Venus i n  the  mid-1980 t i m e  per iod.  

t h e  base l ine  mission chosen, a T i t a n  IIL/Centaur launch v e h i c l e  

has t h e  sapabi1,ty t o  d e l i v e r  t h e  s p a c e c r a f t  i n t o  an o r b i t  about 

Venus which allows to ta l  p l a n e t  mapping coverage a t  100 meter 

r e s o l u t i o n .  Mariner and Mars Viking hardware and technology were 

found t o  he adequate t o  meet a l l  of t h e  s p a c e c r a f t  systems and 

subsystem, requirements w i t h  the  e:.ception of t h e  radar  and cer- 

t a i n  elements of t h e  communication subsystems. 

ments do not  -equire a rqaced technology a p p l i c a t i o n s  s i n c e  

present  s ta te  -of- the-ar t  components e x i s t  t o  implement the  designs 

recommended f o r  the  mapping mission. 

For 

Even these  ele- 

I n  sunrmary then, no high-r isk technology problems were iden- 

t i f i e d  i n  t t e  var ious  subsystem mechanizations t h a t  were exanined . 
During the  courqe of t h e  study. however, s e v e r a l  technology requi re -  

ment a r e a s  were i d e n t i f i e d .  Supporting Research and Technology 

(SRT) work performed i n  thcse a r e a s  would be b e n e f i c i a l  i n  bu i ld ing  

ccnfidence i n  mission f l e x i b i l i t y ,  reducing poss ib le  development 

r i s k ,  and i n  reducing o v e r a l l  s p a c e c r a f t  i n e r t  weight.  These 

s t u d i e s  a r e  descr ibed i n  d e t a i l  i n  Volume 11. 
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SUBSYSTEM CONCLUSICNS AND CONCERKS 

The important conclusions and reconmendations that have 

evolved from the individual subsystem parametric trade studies 

are sumnarized i n  Table VIII-1. 
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